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Introduction 

This book has been prepared to give the user a concise list of all Bipolar LSI 
Products offered by Monolithic Memories. It is divided by products into 
sections on HI REL, PROMs, ROMs, Character Generators, PAL, HAL, HMSI, 
FIFO, Arithmetic Elements Multiplier/Divider, Octal interface, Leadless and 
Die. Each section has been designed to allow the user the most useable format 
for the products described. The PROM, ROM, and Character Generator 
sections give data in the "generic" form allowing a quick review of the trade-off 
between devices. Cross references and selection guides are given where 
applicable. FIFO, PAL, HMSI, Arithmetic Elements, Multipliers/Dividers and 
Octal Interface data sheets are shown in detail for each product This LSI data 
book was formatted with you, the user, in mind. For more information, contact 
the local Monolithic Memories sales representative or franchisee! distributor. 



OrdwiBgtiMlMirttiiMon 



Prices 

All prices iire in U.S. dollars and are subject to change without 
notice. Disiributor costs are sufficed by ▲ (price increase) ▼ (price 
an N (new product). ■ i 



Minimvm Ordfl»f RequfrementB 

For all orders placed on the factory there is a minimum order 
requirement of $1000 ($250 per line item) except for the following: 

ROMS/HAL — For masked progrannmable read-only memories 
and hard array logic there is a minimum order requirement of 
$2500 and 500 units, plus a one time (per bit pattern) mask 
charge of $750. 



Terms 

Net 30 days from date of invoice, FOB Sunnyvale, California. 



The letter 
military 



ComnKMvial/Miilfeiry Limiti 



qodes "C" and "M" are used to denote commercial and 
device limits as follows: 



level 

Commercial — TA =0°Cto+75°C 
VCC = 5V to ±5% 
Military — TA = -SS-C to 125°C 
VCC^TV ±10% 



Package Codes 



All devices ordered must includeapackagecodeasasuffixtothe 
part number The package code definitions are as shown below. 



PACKAGE CODE 

J 

Js 

N 
D 
F 
W 
L 



DESCRIPTION 

Ceramic dual-in-line 

Ceramic SKINNYDIP™ 

Plastic dual-in-line 

Side brazed ceramic dual-in-line 

Flat pack 

Cerpak 

Leadless 



See "Part fjumbering Systems" for complete part descriptions. 

Screening Options 



PROCESS LEVEL 


PART MARKING 


MIL-STD-883 
Method 5004 and 5005 
Level B 


883B 

(Suffix) 


MIL-STD-883 
Method 5004 and 5005 
Level C 


883C 
(Suffix) 


M 
M 


L-STD-883 

sttiod 5004 Modified 


B 

(SUffix) 







Part Numbering Systems 

PAL/HAL 

PAL 14 L 4 M J 883B 

J Lhm 



PAL = 

PROGRAMMABLE 

ARRAY LOGIC 
FAMILY 

HAL = HARD ARRAY 

LOGIC 

NUMBER or MIUY ' 

INPUTS 

OUTPUT TYPt 

H = ACTIVE HIGH 

L 'ACTIVE LOW 

C : COMPLEMENTARY 

R < REGISTERED 

A ° ARrrHMETIC REGISTERED 

X - EXCLUSIVE OR REanreRED 



HI-REL SCREENING 
LEVEL 
SEE -SCREENING 
OPTIONS- 
PACKAGE TYPE 
SEE 

-PACKAGE CODES- 



' TEMPERATURE 
CODE 
C 'COMMERCIAL 
M< MILITARY 



- NUMBER OF OUTPUTS 



STANDARD - 
PREFIX 



Octal Interface 

SN 54 LS 373 J 883B 



TEMPERATURE 

CODE 

74 ■ COMMERCIAL 

S4 ' MILrTARV 



FAMILY 

S ° SCHOTTKY 

LB ' LOW POWER SCHOTTKY 



HI-REL SCREENING 
LEVEL 

SEE "SCREENING 

OPTIONS- 



PACKAGE TYPE 
"SEE PACKAGE 
CCDES- 



- UmOUE 3 DIGIT 
PART NUMBER 



NICR PROMS — ROMS 
Character Generator-Logic 

5 3 41-1 J 883B 

1_ 



TEMPERATURE — 
CODE 

6 = COMMERCIAL 
» ; MILffARY 

PRODUCT 
0-CMUUCTER SEmMTOR 

O.C. 

1 ' CHARACTER GENERATOR 

T.S. 

2 ' READ ONLY MEMORY 

(ROM) 

3 • PROGRAMMABLE READ 

ONLY MEMORY 
(PROM) 

7 = LSI LOGIC PRODUCT 



HI-REL SCREENING 
LEVEL 
SEE -SCREENING 
OPFIONS- 



■ PACKAGE TYPE 
SEE "PACKAGE 



1 = SCHOTTKY PROCESS 

(ROMS/PROMS) 
-2 = IMPROVED 



UNIQUE 3 DIGrr 
PART NUMBER 



High Performance Ti-W PROMs 

53S240AJ 883B 



TEMPERATURE - 
6 ' COMMERCIAL 
S = MiLrTARY 

PRODUCT 
3 

READ ONLY MEMORY 
(PROM) 



FAMILY 

S = SCHOTTKY 
LS ° LOW POWER 
SCHOTTKY 
' ' REGISTERED 



RX 



MEMORY SIZE - 

1 = 1024 BIT 

2 - 20W BIT 

4'409e Brr 
■=8112 Brr 

1< ' ie3M BIT 



L, 



HI-REL SCREENING 
LEVEL 
SEE "SCREENING 

OPTIONS- 

- PACKAGE TYPE 
-SEE PACKAGE 
CODES- 

■ PERFORMANCE 

NONE ' STANDARD 
A = ENHANCED 

■ OUTPUT/PIN OUT 
DESIGNATOR 

= OPEN COLLECTOR 

1 = THREE STATE 

NUMBER OF OUTPUTS 
4'4 BIT 
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INTRODUCTION 1-2 

Order ng Information 1-3 

Table of Contents 1-4 

Numerical Index 1-6 

Product Assurance Program 1-8 



HI-REL PRODUCTS 



PROMs 

Bipolar PROM Cross Reference Guide 3-2 

Bipolar PROM Cross Reference Guide 3-3 

53/6300-1 256x4 Bit PROM, Standard 3-4 

S3/6301-1 256x4 Bit PROM, Standard 3-4 

53/6305-1 512x4 Bit PROM, Standard 3-4 

53/6306-1 512x4 Bit PROM. Standard 3-4 

53/6350-1 1024x4 Bit PROM, Standard 3-4 

53/6351-1 1024x4 Bit PROM, Standard 3-4 

53/63S2-1 1024x4 Bit PROM, Standard 3-4 

1024x4 Bit PROM, Standard 3-4 

2048x4 Bit PROM, Standard 3-4 

2048x4 Bit PROM, Standard 3-4 

32x8 Bit PROM, Standard 3-4 

32x8 Bit PROM, Standard 3-4 

256x8 Bit PROM. Standard 3-4 

256x8 Bit PROM, Standard 3-4 

256x8 Bit PROM, Standard 3-4 

256x8 Bit PROM, Standard 3-4 

512x8 Bit PROM. Standard 3-4 

512x8 Bit PROM, Standard 3-4 

512x8 Bit PROM, Standard 3-4 

512x8 Bit PROM, Standard 3-4 

1024x8 Bit PROM, Standard 3-4 

1024x8 Bit PROM, Standard 3i-4 

512x8 Bit PROM, Standard 3-13 

512x8 Bit PROM, Standard 3-13 

512x8 Bit PROM, Standard artJ! 

512x8 Bit PROM, Standard >17 

53/6389-2 2048x4 Bit PROM, Standard 3-21 

63/6380-2 1024x8 Bit PROM, Standard ....3-24 

53/6381-2 1024x4 Bit PROM, Standard 3-24 

Standard PROM Pit^mmming Instructions 3-28 

Ti-W Introduction 3-31 



CHARACTER GENERATORS 

Character Generator Selection Guide 5-3 

50/60SS 5x7 Ctiaracter Generator RS64 S-7 

51/6155 5x7 Ctiaracter Generator RS64 5-7 

6056 5x7 Character Generator CS64 5r^ 

6156 5x7 Character Generator CS64 6^8 

6071 7x9 Character Generator RS64 5-9 

^il71 7x9 Character Generator RS64 5-9 

6061 5x7 Character Generator RS128 5-10 

6161 5x7 Character Generator RS128 5-10 

6072 7x9 Character Generator RSI 28 S-12 

6172 7x9 Character Generator RS128 5-12 

52/6290 7x9 Custom Character Generator RS128 5-15 

52/6291 ■ < 7x9 Custom Character Generator RS128 5-15 

52/6292 7x9 Custom Ctiaracter Generator RS1K 5-15 

S2/B293 7)d Custom Character Generator RS1ZB 5-15 

PAL 

The PAL Concept 6-2 

PAL Series 20 Data Sheet 

PAL10H8 Octal 10 Input And-Or Gale Array 6-10 

PAL12H6 Hex 12 Input And-Or Gate Array 6-10 

PAL14H4 Quad 14 Input And-Or Gate Array 6-10 

PAL16H2 Dual 16 Input And-Or Gate Array 6-10 

PAL16C1 16 Input And-Or//\nd-Or Invert Gate Array 6-10 

PAL10L8 Octal 10 Input And-Or-lnvert Gate Array 

PAL12L6 Hex 12 Input And-Or-lnvert Gate Array 6-td 

PAL14L4 Quad 14 Input And-Or-lnvert Gate Array 6-10 

PAL16L2 Dual 16 Input And-Or-lnvert Gate Array 6-10 

PAL16L8 Octal 16 Input And-Or-lnvert Gate Array 6-10 

PAL16R8 Octal 16 Input Registered And-Or Gale Array 6-10 

PAL16R6 Hex 16 Input Registered And-Or Gate Array 6-10 

PAL16R4 Quad 16 Input Registered And-Or Gate Array 6-10 

PAL16x4 Quad 16 Input Registered And-Or-Xor Gate Array 6-10 

PAL16A4 Quad 16 Input Registered And-Or-Xor Gate Array 6-10 

PAL Series 24 Data Sheet 

PAL12L10 Deca 12 Input And-Or-lnverl Gate Array 6-34 ' 

PAL14L8 Octal 14 Input And-Or-lnvert Gate Array 6-34 

PAL16L6 Hex 16 Input And-Or-lnvert Gate Array 6-34 

PAL18L4 Quad 18 Input And-Or-lnvert Gate Array 6-34 

PAL20L2 Dual 20 Input And-Or-lnvert Gate Array 6-34 

PAL20C1 20 Input And-Or/And-Or Invert Gate Array 6-34 

PAL20L10 Deca 20 Input And-Or-lnvert Gate Array 6.^ 

PAL20X10 Deca 20 Input Registered And-Or-Xor Gate Array 6-34 
PAL20X8 Octal 20 Input Registered And-Or-Xor-Gate Array 6-34 
PAt.20X4 Quad 20 Input Registered And-Or-Xor Gate Array 6-34 



53/63S130 266x4 Bit PROM, Ti-W 3-33 

53/63S141 256x4 Bit PROM, Ti-W 3-33 

53/63S240 512x4 Bit PROM, Ti-W 3-33 

53/633241 512x4 Bit PROM, Ti-W 3-33 

53/63LS140 256x4 Bit PROM. Ti-W 3-37 

53/63LS141 256x4 Bit PROM. Ti-W 3-37 

53/63LS240 512x4 Bit PROM, Ti-W 3-37 

53/63LS241 512x4 Bit PROM, Ti-W 3-37 

S3/63RA441 1024x4 Bit PROM, Registered 3-41 

Ti-W P^ramming Instructions 3-46 

ROM^ 

Generic ROM Selection Guide 4-2 



52/6280-1 

52/6281-1 

52/6280-2 

52/6281-2 

52/6282-1 

52/6283-1 

52/6260-1 

52/6261-1 

52/6255-1 

S2/62S6-1 

S2/62SS 

52/6291 

52/BZ7!-1 

52/6^-1 



1-# 



1024x8 Bit ROM. Standard 4-2 

1024x8 Bit ROM, Standard 4-2 

1024x8 Bit ROM, Standard 4-2 

1024x8 Bit ROM, Standard 4-2 

1024x8 Bit ROM, Standard 4-2 

1024x8 Bit ROM, Standard 4-2 ' 

1024x9 Bit ROM, Standard .4-2 

1024x9 Bit ROM, Standard 4-2 

1024x10 Bit ROM, Standard 4-2 

1024x10 Bit ROM, Standard ; 4-2 

1152x9 Bit ROM, Stahdmal .' thZ 

1152x9 Bit ROM. Standanl 4^2' 

2048x8 Bit ROM. Standard 4-2 

I Bit ROM, Standard 4-2 



HAL 

HAL Series 20 Data Sheet 

HAL10H8 Octal 10 Input And-Or Gate Array 7-2 

HAL12H6 Hex 12 Input And-Or Gate Array 7-2 

HAL14H4 Quad 14 Input And-Or Gate Array 7-2 

HAL16H2 Dual 16 input And-Or Gate Array 7-2 

HAL16C1 16 Input And-Or/ And-Or-lnverl Gate Array 7-2 

HAL10L8 Octal 10 input And-Or-lnvert Gate Array 7-2 

HAL12L6 Hex 12 Input And-Or-lnvert Gate Array 7-2 

HAL14L4 Quad 14 Input And-Or-lnvert Gate Array 7-2 

HAL16L2 Dual 16 Input And-Or-lnvert Gate Array 7-2 

HAL16L8 Octal 16 Input And-Or-lnvert Gate Array 7-2 

' ' MAL16R8 Octal 16 Input Registered And-Or Gate Array 7-2 

HAL16R6 Hex 16 Input Registered And-Or Gate Array 7-2 

HAL16R4 Quad 16 Input Registered And-Or Gate Array 7^. 

HAL16X4 Quad 16 Input Registered And-Or-Xor Gate Array -7^8^ 

HAL16A4 Quad 16 Input Registered And-Carry-Or-Xor 

Gate Array 7-2 

HAL Series 24 Data Sheet 

HAL12L10 Deca 12 Input And-Or-lnvert Gate Array 7-26 

HAL14L8 Octal 14 Input And-Or-lnvert Gate Array 7-26 

HAL16L6 Hex 16 Input And-Or-lnvert Gate Array 7-26 

PAL18L4 Quad 18 Input And-Or-lnvert Gate Array 7-26 

HAL20L2 Dual 20 Input And-Or-lnvert Gate Array 7-26 

HAL20C1 20 Input And-Or/ And-Or Invert Gate Array 7-26 

HAL20L10 Deca 20 Input And-Or-lnvert Gate Array 7-26 

HAL20X10 Deca 20 Input Registered And-Or-Xor Gate Array 7-26 

H/U.20X8 Octal 20 Input Registered And-Or-Xor Gate Array 7-26 

HAL20X4 Qtnd 20 Input Registeced And-OrrXor Gste^Array 7-26 
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HMSI Selectibn Guide 
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SN54/74LS461 Octal Counter 8-4 

SN64/74LS4^8 Octal Shift Register 8-8 

SN54/74LS3ao Multifunction Octal Register 8-12 

SN54/74LS491 10-Bit Counter 8-16 

SN54/74LS450 16:1 Mux 8-20 

SN54/74LS451 Dual 8:1 Mux 8-24 

SN54/74LS453 Quad 4:1 Mux 8-28 

HMSI Appendix 8-33 



LS461 
LS498 
LS380 
LS491 
LS450 
LS451 
LS4S3 



8-34 
8-40 
8-44 
8-50 
8-S4 

8-eo 

8-«6 



FIFO I 

FIFO Selection Guide . 



9-2 



C57/67401 

C57/67402 

C57/67401A 

C57/67402A 

57/67401A 

57/67402A 

57/67401 1 

57/67402 



ARITHMETIC 



64x4 First-ln First-Out. Cascadable 9-3 

64x5 FIrst-ln Firsl-Out, Cascadable 9-3 

64x4 First-ln First-Out, Cascadable 9-3 

64x6 FIrst-ln First Out. Cascadable 9-3 

64x4 FIrst-ln First-Out 9-13 

64x5 First-ln First-Out 9-13 

64x4 First-ln First-Out 9-13 

64x5 First-ln First-Out 9-13 



ELEMENTS AND LOGIC 

ArithmeitiG El^ents and Logic Selection Guide . 



10-2 

SN54/74S381 Arithmetic Logic Unit/Function Generator . . . 10-3 

SN54/74S1S? Looi<-Ahead Carry Generator 10-6 

5/6086 10-Bit Sine Look Up Table 10-9 

5/6087 I 10-Bit Sine Look Up Table 10-9 

MULTIPLIERS/DIVIDERS 

Multiplier/Divider Selection Guide 11-2 

SN54/74S608 
57/67558 
57/67558-1 



8x8 Multiplier/Divider 11-3 



8x8 Multiplier 



11-17 



8x8 Multiplier 11-17 



OCTAL INtERFACE 

Octal Interface Selection Guide 



12-2 



SN54/74LS210 

SN54/74LS240 

SN64/74LS241 

SN54/74LS244 

SN54/74S210 

SN54/74S240 

SN54/74S241 

SN54/74S244 

SN54/74LS310 

SN54/74LS340 

SN54/74LS341 

SN54/74LS344 

SN54/74LS245 

SN5474LS645 

SN54/74LS545-1 

SN54;74LS273 

SN54/74LS377 



SN64/74LS373 

SN54/74LS374 

SN54/74S373 

SN54/74S374 

SN&4/74LS533 

SNS4/74US53< 

SN54/74S533 



Octal Buffer, Invert 12-3 

Octal Buffer, Invert 12-3 

Octal Buffer 12-3 

Octal Buffer 12-3 

Octal Buffer. Invert 12-3 

Octal Buffer. Invert 12-3 

Octal Buffer 12-3 

Octal Buffer 12-3 

Octal Buffer with Schmitt Trigger, Invert — 12-7 

Octal Buffer virith Schmitt Trigger, Invert 12-7 

Octal Buffer with Schmitt Triggq- 12-7 

Octal Buffer with Schmitt Trigger 12-7 

Octal Transceiver 12-9 

Octal Transceiver 12-11 

Octal Transceiver 12-11 

Octal Register w/Master Reset and Clock 

Enable 12-13 

Octal Register w/Master Reset and Clock 

Enable 12-13 

Octal Latch 12-15 

Octal Register 12-15 

Octal Latch 12-15 

Octal Register 12-15 

Octal Latch. Invert 12-18 

Octal Register, Invert 12-18 

Octal Latch, Invert 12-18 



OCTAL INTERFACE (continued) 

SN54/74S534 Octal Register. Invert 12-18 

SN74S531 Octal Latch with 32mA Outputs 12-21 

SN54S532 Octal Register with 32mA Outputs 12-21 

SN74S535 Octal Latch with 32mA Outputs, Invert 12-23 

SN74S536 Octal Register with 32mA Outputs, Invert ... 12-23 

tnterffce Test Load/Wavefonjns, -r ^2-2S 



LEADLESS CHIP CARRIER 

P'H--.: . ■ 

-RillLtOH8MLe83B OctaMO Input and-Or Gale Array, 

L.eadles8 13-3 

PALf2H6ML883B Hex 12 Input And-Or Gate Array, 

Lead less 13^ 

PAL14H4ML883B Ouad 14 Input And-Or Gate Array, 

Leadless ...^ 13-3 

PAL16H2MLe83B Dual Input And-Or Gate Array, 

,i Leadless ,-ici 13-3 

PAL16C1ML883B 16 Input And-Or/And-Or-lnver» Sate Array, 

Leadless 13-3 

PAL10L8ML883B Octal 10 Input And-Or-lnvert Gate Array, 

Leadless 13-3 

PAL12L6ML883B Hex 12 Input And-Or-lnvert Gate Array, 

Leadless 13-3 

PAL14L4ML883B Quad 14 Input And-Or-lnvert Gtite Array, 

Leadless 13-3 

PAL16L2ML883B Dual 16 Input And-Or-lnvert Gate Array, 

Leadless 13-3 

PAL16L8ML883B Octal 16 Input And-Or-lnverl Gate Array. 

Leadless 13-3 

PAL16R8ML883B Octal 16 Input Registered And-Or Gate 

Array, Leadless , ; 13-3 

PAL16R6ML883B Hex 16 Input Registered /^d-^r Qiltts 

Array, Leadless „ 13-3 

PAt16R4MLe83B Quad 16 Input Registered And'^Cr Gate 

Array. Leadless 13-3 

n 

OCTAL INTERFACE 

SNS4LS240LB63B Octal Buffer. Invert, Leadless 13-3 

SN64LS241L883B Octal Buffer. Leadless 13-3 

SN54LS244L883B Octal Buffer. Leadless 13-3 

SNS4S240L883B Octal Buffer. Invert. Leadless 13-3 

SNS4S241L883B Octal Buffer, Leadless 13-3 

SN54S244L883B Octal Buffer, Leadless 13-3 

SNS4LS373L883B Octal Latch, Leadless 13-3 

SNS4LS374L883B Octal Register, Leadless 13-3 

SN54S373L883B Octal Latch, Leadless 13-3 

SN54S374L883B Octal Register, Leadless 13-3 

SN54LS245L883B Octal Transceiver, Leadless 13-3 

S(;{()i^Z73L883B Octal Register with Clear. Leadless 13-3 

S(^4LS377L883B Octal Register with Cock Enable, 

Leadless 13-3 

BIPOLAR PROM 

5308- 1 L883B 256x8 Bit PROM, Leadless 13-3 

5309- 1 L883B 256x8 Bit PROM, Leadless 13-3 



DIE 

Die Selection Guide 14-3 

Die Configurations 14-4 

GENERAL INFORMATION 

Definition of Terms and Waveforms 15-2 

PROM/ROM Programming Input Format 15-4 

Available Technical Literature 15-6 

Package Drawings 1S-7 
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l£.-l 


5280-2 


4-2 


54LS341 




5281-1 


4-2 


54LS344 




5281-2 


4-2 


54LS373 




5282-1 


4-2 


54LS373L8o3d 


13-3 


5283-1 


4-2 


54LS374 


12-15 


5290 


5-15 


54LS374L883B 


13-3 


5291 


5-15 






S4tS377 


12-13" 


5292 


5-15 


54LS377L883B 


13-3 


5293 


5-15 


54LS533 


12-18 


S3LS140 


3^7 


54LS534 


12-18 


53LS141 


3-37 


54LS645 


12-11 


53LS240 


3-37 


54LS645-1 


12-11 


53LS241 


3-37 


54S182 


10-6 




0-4 1 


OHO£ lu 








54S240 


12-3 


53S141 


3-33 


54S240L883B 


13-3 


S3SSM0 


3-33 


54S241 


12-3 


53S241 


3-33 


54S241L883B 


13-3 


5300-1 


3-4 


54S244 


12-3 


5301-1 


3-4 


54S244L883B 


13-3 


5305-1 


3-4 


54S373 


12-15 


5306-1 


3-4 




13-3 


5308-1 


3-4 




19 1 
1^- 1 o 


5308-1 L883B 


13-3 


1 HL.OOOD 


io~o 


5309-1 


3-4 






5309-1 L883B 


13-3 




11 ^ 


5330-1 


3-4 




Ifc— lO 


5331-1 


3-4 


54S534 


12-18 


5340-1 


3-4 






5340-2 


3-13 






5341-1 


3-4 


57401 


9-13 


5341-2 


3-13 


57401A 


9-13 


5348-1 


3-4 


57402 


9-13 


5348-2 


3-17 


57402A 


9-13 


5349-1 


3-4 


57558 


11-17 


5349-2 


3-17 


57558-1 


11-17 


5350-1 


3-4 
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Numerical Index 



6055 
6056 
6061 
6071 
6072 
6086 
6087 
6155 
6156 
6161 
6171 
6172 

6255-1 
62^1 

6260- 1 

6261- 1 

6275- 1 

6276- 1 
6280-1 

6280- 2 

6281- 1 
6281-2 
6283-1 
6290 

^1 



63LS140 

63Ljsi41 

63LS240 

63LS241 

83RM41 

63S140 

63S141 

63S240 



5-7 


63S241 


. 


74LS210 


12-3 


5-8 


6300-1 


3-4 


74LS240 


12-3 


5-10 


6301-1 


3-4 


74LS241 


12-3 


5-9 


6305-1 


3-4 


74LS244 


12-3 


5-12 


6306-1 


3-4 


74LS24S 


12-9 


10-9 


6308-1 


3-4 


74LS273 


12-13 


10-9 


6309-1 


3-4 


74LS310 


12-7 


5-7 


6330-1 


3-4 


74LS340 


12-7 


5-8 


6331-1 


3-4 


74LS341 


12-7 


5-10 


6335-1 


3-4 


74LS344 


12-7 


5-9 


6336-1 


3-4 


74LS373 


12-15 


5-12 


6340-1 


3-4 


74LS374 


12-15 




6340-2 


3-13 


74LS377 


12-13 




6341-1 


3-4 


74LS533 


12-18 




6341-2 


3-13 


74LS534 


12-18 


4-2 


6348-1 


3-4 


74LS645 


12-11 


A O 


6348-2 


a-17 


74LS645-1 


12-11 


4-2 


6349-1 


3^ 


74S182 


10-6 


4-2 


6349-2 




74S210 


12-3 


4-2 


6350-1 


3-4r ■'^ ■ 


74S240 


12-3 


4-2 


6351-1 


3-4 


74S241 


12-3 


4-2 


6352-1 


3-4 


74S244 


12-3 


4-2 


6353-1 


3-4 


74S373 


12-15 


4-2 


6380-1 


3-4 


74S374 


12-1 5 


5-15 


6380-2 


3-24 


74S381 


10-3 


5-15 


6381-1 


3-4 




11-3 


6381-2 


3-24 


74S531 


12-21 




6388-1 


3-4 


74S532 


12-21 


_i37 


6389-1 


3-4 


74S533 


12-18 


3-37 


6389-2 


3-21 


74SS34 


12-18 


3-37 


67401 


9-13 


74S535 


12-23 


3-37 


67401A 


9-13 


74SS36 


12-23 


3-41 


67402 


9-13 






3-33 


874e2A 


9-13 






3-33 


67SS8 


11-17 






3-33 


675^1 


11-17 







t^7 



Product Assurance Program 



Quality System 

The qjality system at Monolithic Memories is based on MIL-Q- 
9858. Quality Program Requirementr " MIL-l-45208, "Inspection 
System Requirements." and MIL-M-381 '0, Appendix A. "Product 
Assurance Program." MIL-M-38510 plays a significant role in 
structuring Monolithic Memories' quality program. 

Mono ithic Memories' facilities in Sunnyvale were certified in 
June of 1977 by DESC, Defense Electronics Supply Center, to 
manufacture and qualify to Class B and Class C Schottky Bipolar 
PROMs, ROMs and RAMs in accordance with the requirements 
of MILi-M-38510. This certification included a successful audit of 
our qiliaiity system to the stringent requirements of Appendix A 
of MIL-M-38510 which defines a Product Assurance Program 
tailored for Integrated circuit manufacturers by DESC. This 
same quality system has also met the strict requirements of both 
"controlled" and "captive" line programs connected with our 
special Hi-Rel programs. 

The q jality accent at Monolithic Memories is on process control 
; reflected in the use of many monitors and audits rather than 
i Inspections. This philospph^ is consistent with building in 
quality and reliability rather tharii attempting to screenj for it. 



Process Control 

Monolithic Memories' advanced low-povi/er Schottky TTL 
process uses such techniques as redundant masking to reduce 
random defects and self-aligning masking to reduce active chip 
area. jAlthough more costly than the standard SSI or MSI 
Schottky TTL processes, these approaches yield better quality, 
increaised reliability and lower overall cost due to higher net die 
per wafer. During the initial production stages of new designs 
and periodically thereafter, engineering characterizes the design- 
process compatibility by careful sample selection of lots 
reftecljng process variable extremes. 



Screening 

Much of the assembly {packaging only) is performed offshore at 
our Penang, Malaysia facility. The facility has been qualified and 
is routinely monitored for conformance to MIL-STD-883 by 
Monolithic Memories' military customers as well as by Monolithic 
Memories' Quality Control Department. All standard military 
hermetic Monolithic Memories products are 100% screened to 
MIL-STI>883 Class C. This includes: 

• Pre-cap inspection.* 

• High-temperature storage at 150°C. 

• Temperature cycling. -es'C to +150°C. 

• Constant acceleration. : 

• Fine and gross leak. 

• Final electrical test. 

• Q,A.j^pnple acqeptance testing. 

••MocHWtSSf LSI. 

Standard commercial hermetic product receives the following 
screens and monitors to insure the highest possible product 

quality. 

• Pre-cap inspection* 

• High temperature storage 

• Temperature cycle \ Daily monitors in lieu of 

• Constant acceleration > 100% screening which insure 
_. . , , I the AQL levels before are 

. Fine and gross leak ' ^„eeded. 

• Final electrical test 
''Modified IMIL-STD-883 Pre cap. 



The product assurance levels which Monolithic Memoriw~ 
guarantees are listed in the table on this page. 

Reliability Engineering maintains product surveiUanoe through 
routine sampling and submission to MIL-STO-88% method 5005, 
qualification testing. Additional step-stress and extended (limit) 
testing conditions are used when warranted. In geaemi. failure 
rates have been found to be two orders of magnitude better than 
MIL-HDBK-217 estimates. 

The quality organization is defined into three departments: 

• Quality control 

• Quality assurance 

• Reliability assurance 



Quality Assurance (AQL) Levels 



TEST 


LEVEL 1 


LEVEL II 


COMMERCIAL (%) 


MILITARY (%) 


Hermeticlty (includes line and gross) 


0:65 


0.4 


Electrical 






DC at as-c 


.40 


.25 


Functional at 25°C 


.40 


.25 


AC at 25°C 


.65 


.40 


DC at Temperature Extremes 


.65 


.65 


Functional at Temperature 


.65 




Extremes 


.65 


AC at Temperature Extremes 


1.5 


1.5 



^ introduction 


1 


HI REL 






3 




E9 


ROM 






PAL® 




i HAL KB 


f HMSI 




FIFO 






10 


P Multipliers/Dividers 


11 




12 



1 Leadless 


13 


F Die 


14 








is" 



I 



V 
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High Itoliabllity Produets 



Military Programs 

Monolithic Memories has participated in the Trident Missile 
program since 1975. This participation has involved two 
manufacturing concepts for the production of components of 
the hlghesjt reliability. 



Controlled Line — This concept place Monolithic Memories 
manufacturing {documentation and equipment under cus- 
tomer control J^id concurrence with any change; 

Captive Line — This concept defines the equipment and 
controls supplies to tie used. Monolithic Memories documents 
the systems and provides the semiconductor expertisie. The 
customer controls the Process Documentation. 

The Military Programs Department is involved in TRIDENT, 
DISCUSS, MX, F-18, MK500, and various NASA/SPACE 
PROGRAMS are trademarks of PAL and The Programmable 
Solution. Our products have the capability of meeting full 
radiation requirements of neutron, gamma dot and ionizing 
environments. 



Our facllit)^ has DOD clearance and we have the capability to 
participate in customer analysis of our designs. These analyses 
may lead to design changes which ^hance the product 
capability in hostile environments. Products wHich have been 
qualified for these advanced prpgrarns.sie: 

5301 — IK NiCR PROM - - 

5300 — 1K Gold PROM 
5341 — 4K NICR PROM 

5206 — 2K ROM (5306 NiCR PROM Equivalent) 
5341 — 4K PROM 
5381 — 8K PROM 

By the very nature of demanding marltets we serve, quality must 
tie inherent in every Monolithic Memories product. It is our 
conviction that quality derives from a state of mind; tinatis, it is 
possible to product fine products only if the quality standards 
throughout the organization are uniformly high. At Monolithic 
Memories, we work at weaving quality into the entifie'Cbmpany 
culture so ttiat it shall not be necessary to try and add it on at the 
end of a manufacturing process by redundant tasting or 
inspection procedures. ,-. < 



■Military Products 

Monolithic Memories' Hi-Reliability Program offers a broad line 
of industry standard Bipolar LSI components processed and 
tested to Military standards. All Hi-Reliability products can be 
purchased screened to Classes B or C of MIL-STD-683B, 
Method 5004. 



Screening Options 



PROCESS LEVEL 


PART MARKING 


MIL-STD-883 

Method 5004 and 5005 

Level B 


863B 

(Suffix) 


MIL-STD-883 

Method 5004 and 5005 

Level C 


8830 
(Suffix) 


MIL-STD-883 
Method 5004 Modified 


B 

(Suffix) 



Monolithic Memories "883B" I 

This part receives full screening and quality conformance 
inspection to MIL-STD-883 per Method 5004 and 5005 Level B. 
It is a cost effective alternative to achieve "JAN" type product. 
Parts screened to this level are used industry wide and are 
established as very high reliability product. 



Monolithic Memories "883C" 

This part receives full screening and quality conformance 
inspection per MIL-STD-883 Method 5004 and 5005 Level C. It 
is a high quality military processed part to be used when there is 
no burn-in requirement. Or it can be upgraded to a full L^vel B 
processed . product 



Monolithic Memories "B" 

This part is processed to MIL-STD-883 Method 5004 Level B 
with modified final testing. It is a cost effective Level B product, 
which has passed Method 5005 Table I, statistical sampling over 
the full tempemture range plus a self imposed PDA of less than 
10%. 



Other Hi-Rei Capability 

In addition to the broad line of military components offered by 
Monolithic Memories, we have additional capability to process 
produce products to extreme reliability staridatds. 

SEM to MIL-STD-883 Method 2018 

Particle-induced noise testing to MIL-STD-883 Method 2020 

X-ray to MIL-STD-883 Method 2012 

Non-destructive bond-pull 

Read and record and Delta computation 

Statistical parameter plots, signals, mean and median 

distribution. 

Fully documented custom flows to control basetlnes. 

Currently, Monolithic Memories' Sunnyvale, California facility 
holds certification on both a "controlled" and "captive" facility 
for the TRIDENT Program. This is in addition to certification to 
MIL-M-38510 by DESC. 



High Beli^hility ProdMcte 



Screening 



Wafer 



I PROCESS H.OW 



PROCESS 
PART MARKING 
883B I 8830 | B 



Test: 



Ter 

Tes 


iperaturs Correlated 

t @ 25°C 


X 


X 


X 


Internal Visual Inspection: 


201^ and MIL-M-38610 


X 


X 




Rebond Criteria 2010BL 
Insijiection Critsria 


X 


X 


X 


Qualttyj Control Gate: 


■ 


00% Die Inspection 


X 


X 


X 


Afte 


r Bond 


X 


X 


X 


Aft( 


r Seal 


X 


X 


X 






Stalpillzation Bake: Method 

1008, Condition C, 24 hours 


X 


X 


X 


Constant Acceleration: 

Method 2001, Condition E 


X 


X 


X 


Gross Leak: 

Method 1014. Condition C 


X 


X 


X 


Temperature Cycle: Method 
1010 Conditioning 10 cycles 


X 


X 


X 


Visual Inspection: For 

Assembly Related Failures 


X 


X 


X 


Interim 


Test 


Ter 
D.C 


IP Correlated Tests 25° C 
; A.C.* & Functional 


X 


X 


X 


Programming 

(when required) 


X 


X 


X 


Bum-ln-Method 1015, T^ = +125°C, 160 hours 


Condition C, Unpro- 
g rammed PROM/PAL 


X 




X 


Coridition D, FIFO, Pro- 
grai|nmed PAL/HAL/ROM 


X 




X 


Coridition B, Octal 
Int^ace 


X 




X 


Electrical Teats: O.p., A.C.* & Functional 


100% @ TA + 25°C 


X 


X 


X 


pdIv 10% 


X 




X 


100 
Ten 


% Maximum Rated 
nperature 


X 






IOC 
Ten 


b Minimum Rated 
perature 


X 







inspection 


QUALITY CONFORMANCE 


PROCESS 


INSPECTION 


PART MARKING 


1 , MIL-STB-BS3 Method aOOS 


883B 1 883C 1 B 



Group A: Pe t l b i m e d on Every Lot & Sublet 



Subgroup 1, 2, 3, 7 and 9* 


X 


X 


X 


Subgroup 10*, and 11* 
When Required 


X 


X 


X 


Group B: 


Each Inspection Lot — 
Condition tor Shipment 


X 


X 




Summary Data Available 






X 


Group C: 


Performed Upon Request 


X 


X 


X 


Generic Data (within 
six months) 


X 


X 


X 


Group D: 


Performed Upon Ftequest 


X 


X 


X 










Generic Data {wtBUfl " 
one year) 


X 


X 


X 



■A C (switching) tests do not apply to unprogrammed devices, ktono- 
littilc Memories Programmable Products are designed witti special 
circuitry to verify A.C. specifications. 



Controls 



RELIABILITY 
SYSTEM CONTROLS 


PROCESS 
PART MARKING 


883B 


883C 


B 


Monolithic Metiioftec 
Quality System 

Based on MIL-M-38610 
Appendix A Domestic 
and Offshore Build 


X 


X 


X 


MIL-M-38510 
Structured Qualification 

Group A, B, C, and D 
Monolithic Memories 
Imposed for Product 
Approval 


X 


X 


X 


TracaMBty-MIL-M-asSIO 

Para. 3.1.3a 


X 


X 


X 



2«« 





2 




PROM 





PAL® 




HALd 






FIFO 








Multipliers/Dividers 




Octal Interface 




Leadless 




Die 
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Bipolar PROM Cross Reference Guide 



AMD 

AM27:18 
AM27S19 

AM29S20 
AM27S21 

AM27s|l2 

AM27S13 

AM27S28 
AM27SM 
AM27S30 

AM27S31 

AM27S32 

AM27S33 

AM27S180 

AM27S181 

AM27S184 

AM27S185 



6330- 1 

6331- 1 

r 63S140 & 63LS140 
1 6300-1 

l63St41 &63LS141 
16301-1 

( 63S240 & 63LS240 
\ 6305-1 

I 63S241 & 63LS241 
16306-1 

6348- 1. -2 

6349- 1.-2 

6340- 1.-2 

6341- 1.-2 

6352- 1 

6353- 1 

6380- 1. -2 

6381- 1. -2 

6388- 1 

6389- 1. -2 



FAIRQHiLD 

93417 
93427 



93446 

93438 
93448 
934S2 
93453 
93450 
93451 
9^14 
93515 



HARRIS 

7602 
7603 
7610 
7611 
7620 
7621 
7648 
7649 
7640 
7641 
7642 
7643 
7680 
7681 
7684 
7685 



INTEL 



/63S140&63LS140 
16300-1 

/63S141 &63LSt41 
16300-1 
i 63S240 & 63LS240 
t 6305-1 

/ 63S241 & 63LS241 
\ 6306-1 

6340- 1. -2 

6341- 1.-2 

6352- 1 

6353- 1 

6380- 1. -2 

6381- 1. -2 

6388- 1 

6389- 1. -2 



6331-1 
6331-1 

6300- 1. 63S140&63LS140 

6301- 1. 63S141 8 6318141 

6305- 1. 63S240 & 63LS240 

6306- 1. 63S241 S 63LS241 

6348- 1.-2 

6349- 1. -2 

6340- 1. -2 

6341- 1. -2 

6352- 1 

6353- 1 

6380- 1.-2 

6381- 1. -2 

6388- 1 

6389- 1.-2 



3608 
3628 



6380- 1. -2 

6381- 1. -2 



INTERSIL 

5600 
5603A 

5604 
5610 
5623 
5624 



RAYTHEON 



6330- 1 

6300- 1. 63S140S63LS140 
6305-1. 63S240 & 63LS240 

6331- 1 

6301- 1. 63S141 & 63LS141 
raoe-l. 63^41 amS241 



MOTOROLA 

MCM 7620 
MCM 7621 
MCM 7640 
MCM 7641 
MCM 7642 
MCM 7643 
MCM 7680 
MCM 7681 
MCM 7684 
MCM 7685 



6305- 1. 63S240 &63LS240 

6306- 1. 63S241 ^6318241 



6340- 1. -2 

6341- 1. -2 

6352- 1 

6353- 1 

6380- 1.-2 

6381- 1.-2 
638B-1 
6389-1.-2 



NATIONAL 

DM74S188 

DM74S288 

DM74S287 

DM74S387 

DM74S470 

DM74S471 

DM74S472 

DM74S473 

DM74S570 

DM74S571 

0M74S572 

DM74S573 

DM87S180 

DM87S181 

DM74S475 \ 

DM87S295 I 

0M74S474 » 

DM87S296 / 

0M87S184 



m 

6330- 1 

6331- 1 

6300- 1. 63S140&63LS140 

6301- 1. 63S141 S63LS141 

6308- 1 

6309- 1 
6349-1. -2 
6348-1. -2 

6305- 1. 63S240 S 63LS240 

6306- 1. 63S241 ft 63LS241 

6352- 1 

6353- 1 
^1-1. -2 
6380-1.-2 

6340- 1, -2 

6341- 1. -2 



29641 


62S3-1 


29630 


6380-1. -2 


29631 


6381 -l! -2 


29660/62 


6300-1. 63S140 & 63LS140 


29661/63 


6301-1. 63S141 &63LS141 


2950/52 


6388-1 


29651/53 


6389-1.-2 


SIGNETICS 


Hill 


N82S23 


6330-1 


N82S123 


6331-1 


N82S126 


6300-1. 63S140ji63LS140 


N82S129 


6301-1. 63S141 &63LS141 


N82S130 


6305 1, 638240 &63LS240 


N82S131 


6306-1.638241 SB3L8241 


N82S146 


6348-1. -2 


N82S147 


6349-1.-2 


N82S137 


6353-1 


N82S140 


6340-1.-2 


N82S141 


6341-1.-2 


N^181 


6381-1. -2 


N82S185 


6389-1.-2 



6380-1.-2 



Tl 



SN74S188 
SN74S287 
SN74S2e8 
SN74S387 
SN74S470 
SN74S471 
SN74S472 
SN74S473 
SN74S474 
SN74S475 
SN74S477 
SN74S476 
SN74S478 
SN74S479 
SN74S455 
SN74S454 



m 



OLD NUMBERS 

8330-1 

6301-1,638141 S63LS141 
6331-) 

6300-1. 63S140 & 63LS140 

6308- 1 

6309- 1 
6349-1. -2 
6348-1. -2 
6341-1.-2 
6340-1. -2 

6352- 1 

6353- 1 
6381-1. -2 
6380-1.-2 
6388-1 
638B-1.-2 



RAYTHEON 




Tl 


m 


29600 


6308-1 


NEW NUMBERS 


29601 


6309-1 


TBP18SA030 


6330-1 


29610 


6305-1, 63S240 &63LS240 


TBP18S030 


6331-1 


29611 


6306-1. 63S241 &63LS241 


TBP14S10 


6301-1. 63S141 &63LS141 


29620 


6348-1.-2 


TBP14SA10 


6300-1. 638140 S63L8140 


29621 


6349-1. -2 


TBP18SA22 


6308-1 


29624 


6340-1,-2 


TBP18S22 


6309-1 


29625 


6341-1.-2 


TBP18S42 


6349-1. -2 


m& 


6308-1 


TBP18SA42 


6348-1.-2 


29603 


6309-1 


TBP18S46 


6341-1.-2 


29612 


6305-1. 638240 & 63LS240 


TBP18SA46 


6340-1. -2 


29613 


6306-1.638241 a 63LS241 


TBP24SA41 


6352-1 


29622 


6348-1. -2 


TBP24S41 


6353-1 


29623 


6349-1. -2 


TBP28S86 


6381-1, -2 


29626 


6340-1. -2 


TBP28SA86 


6380-1.-2 


29BZ7 


6341-1. -2 


TBP24SA81 


6388-1 


29640 


6252-1 


TBP24S81 


6389-1.-2 
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Bipolar PROM Cross-Reference Guide 



MEMORY DESCRIPTION 


MM! 


AMD 


FAIR- 
CHILD 


H 


tRRIS 


INTEL 


INTERSIL 


MOTOROLA 


NATIONAL 


RAYTHEON 


SIGNETICS 


Tl 


SIZE 


ORGANIZATION 


PINS 


OUTPUT 


































256 


32x8 


16 


oc 


6330-1 


27818 
29750 







602 


_ 


5600 


_ 


743188 





82823 


18SA030 
74S188 


TS 


6331-1 


27S19 
29751 







603 





5610 





74S288 





82S123 


18S030 
748288 


1024 


256x4 


16 


OC 


6300-1 
63S140 
63LS140 


27S20 
29760 


93417 


— 1 
7 


610 


— 


5603A 


— 


748287 


29660/62 


82S126 


14SA10 
74S387 


TS 


6301-1 
63S141 
63LS141 


27821 
29761 


93427 


7 


611 




5623 




74S387 


29661/63 


828129 


14S10 

/ 40^0 / 


2048 


256x8 


20 
24 


OC 


6308-1 




— 


— 


— 








74S470 


29600/02 





18SA22 
748470 


TS 


6309-1 


- 


- 




- 


- 


- 


748471 


29601/03 


- 


18S22 
74S471 


OC 


6335-1 


- 


- 


7629 


- 


- 


- 


- 


- 


82S114 


- 


TS 


6336-1 






















2048 


512x4 


16 


OC 


6305-1 
63S240 
63LS240 


27812 
29770 


93436 


7620 




5604 


7620 


74S570 


29610/12 


828130 




TS 


6306-1 
63S240 
63LS240 


27813 
29771 


93446 


7621 


— 


5624 


7621 


74S571 


29611/13 


82S131 




4096 


512x8 


20 


OC 


6348-1, -2 


27828 


93438 


7648 


- 


- 


- 


748473 


29620/22 


82S146 


18SA42 
748473 


TS 


6349-1, -2 


27829 


93448 


7649 








748472 


29621/23 


82S147 


18S42 
74S472 


4096 


512x8 


24 


OC 


6340-1, -2 


27830 




7640 






7640 


74S475 


2924/26 




18SA46 
748475 


TS 


6341-1, -2 


27S31 




7641 






7641 


74S474 


29625/27 


828141 


18S46 
748474 


4096 


1024x4 


18 


OC 


6352-1 


27832 


93452 


7642 






7642 


748572 


29640 




24SA41 
74S477 


TS 


6353-1 


27S33 


93453 


7643 






7643 


74S573 


29641 


82S 137 


24841 
74S76 


4096 


1024x4 


18 


TS 


63RA441 






















8192 


1024x8 


24 


OC 


6380-1, -2 


27S180 


93450 


7680 


3608 




7680 


87S180 


29630 




28SA86 
748479 


TS 


6381-1, -2 


27S181 


93451 


7681 


3628 




7681 


87S181 


29631 


82S181 


288586 
748478 


8192 


2048x4 


18 


OC 


6388-1 


27S184 


93514 


7684 






7684 


87S184 


29650/52 




24SA81 
74S455 


TS 


6389-1, -2 


278185 


93515 


7685 






7685 


87S185 


29651/53 


828185 


24881 
7^454 



Note: Only commercial apeclftcatton part numbers are listed. 



Generic NiCR PROM Family 

53/63XX-1 



PmaA :u res/Benefits 

• Sifen tard Schottky processing 

• Relbiblllty proven nichrome fusible Unto 

(qualifled for MIL-M-38S10) 

• PNP inputs for low Input current 

• Opn paUble pin configurations for upward expansion 

• 4-bit wMe and 8-bit-wlde for byte oriented applications 

Amplication 

I store 
r program store 

: up table 

• Ctajacter generator 
I Ran iom logic 
' Codsconverler 

Q«n»ric PROiM Seieciion Guide 



MIci Dpracessor | 



I>Mcription 

The 53/63XX-1 -series generic PROM family offers the widest 
selection of sizes and organizations available In the industry. The 
4-bit wide PROMs range from 256x4 to 2048x4 and feature 
upward/downward pin out compatibility in the space saving 16 
and 1 8 pi n packages. The 8-bit wide PROMs range from 32x8 to 
1024x8 in a wide selection of package sizes including the space 
saving SKINNYDIP™ 24-pin .300 inch wide package. All PROMs 
have the same programming specifications allowing a single 
generic programmer. 

The family features low input current PNP inputs, full Schottky 
clamping, three-state and open collector .outputs. The nichrome 
fuses store a logical high and are programmed to the low state. 
Special on chip circuitry and extra fuses provide preprogram- 
ming tests vrfiich assure high programming yields and high 
reliability. 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for the 
military ranges. 



MEMORY 



SIZE 



ORGANIZATION 



PACKAGE 



DEVICE TYPE 



COMMERCIAL 



MILITARY 



r 



256x4 



I 



512x4 



T 



1024x4 



2048x4 



OC 
TS 



J16, F16 



6300- 1 

6301- 1 



5300- 1 

5301- 1 



OC 
TS 



J16, F16 



6305- 1 

6306- 1 



5305- 1 

5306- 1 



OC 
TS 
OC 
TS 



J18, F18 



6350-1 
S351-1 

6352- 1 

6353- 1 



5350- 1 

5351- 1 

5352- 1 

5353- 1 



4-bit-wide 



OC 
TS 



J18 



6388- 1 

6389- 1 



5388- 1 

5389- 1 



1/4K 



32x8 



OC 
TS 



J16, F16 



6330- 1 

6331- 1 



5330- 1 

5331- 1 



2K 



256x8 



OC 
TS 



J20, F20 



6308- 1 

6309- 1 



5308- 1 

5309- 1 



OC 
TS 



J24 



6335- 1 

6336- 1 



512x8 



OC 

TS 



J24, F24 



6340- 1 

6341- 1 



5340- 1 

5341- 1 



8-bit-wide 



OC 
TS 



J20, F20 



6348- 1 

6349- 1 



5348- 1 

5349- 1 



8K 



1024x8 



OC 
TS 



J24, JS24* 



6380- 1 

6381- 1 



5380- 1 

5381- 1 



-*JS IS (he 300 inch wide SKINNYDIP'" package 



MonoHthlo 



Pin Configurations 



53/6330-1 
S3/6331-1 




53/6352-1 
53/6353-1 







53/6351-1 



53/6308-1 
53/6309-1 



E 


*0 


vcc 


E 


*1 




E 


*2 


A. 


E 


*3 


*5 


E 


*4 

256x8 




E 


p/e7 


E 




08 


E 




O7 


E 


o« 


0. 


E 


QND 


Os 



20] 

E 



E 
E 
E 
E 
E 




53/»48-1 
53/634S-1 





Ea7 
E*6 

E *5 

Ea. 

E A3 

E A2 
Ea, 

E Ao 

E 01 

E °2 

E 03 

|» ONI 



S3/6340-1 
53/6341-1 



512x8 



Vcc 


E 


E 


A7 


As 


E 


E 


A6 


NC 


E 


E 


As 




E 


E 


A« 




E 


E 


A3 




E 


E 


A2 




E 


tz 


Al 


P. 


2I 


E 


Ao 




E 


E 


O1 


o. 


E 




O2 




E 


E 


Os 


O4 


E 


E 


GNI 



53/6380-1 
53/6381-1 

■v-r 
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Suppy voltage, Vqc • • ■ 

Itr9>tit voltage 

Off-^ite output voltage 
Storai |e temperature . . . 



TV 

TV 

5.5V 

-65° to +150"C 



Opefating Conditions 



SYMI 


)OL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


vc< 




Supply voltage 




4.5 5 5.5 


4.75 5 5.25 


V 






Operating free air temperature 


- —4 


-55 ^2S 


75 


"C 



Electrical Characteristics over operating conditions 



SYMBOL 



PARAMETER 



TEST CONDITIONS 



MIN TYPt MAX 



UNIT 



'IL 



Low-level Input voltage 



0.8 



High-level input voltage 



V|C 



Input clamp voltage 



'CC 



MIN 



-18mA 



-1.5 



||l' 



Low-level input current 



Vcc ^ ^^'^ V| " O.ASV 



-0.25 



mA 



'IHi 



Higli-level input current 



'CC 



MAX 



V| = 4.5V (Program pin) 

V| = Vcc f^^^ (Other inputs) 



40 



Vol 



Low-level output voltage 



'IL 
'iH 



= MIN 
= 0.8V 
= 2V 



MIL 


lOL = 


12mA 


COM 


'OL = 


16mA 


MIL 


'OL = 


8mA 


COM 


'OL = 


12mA 



All PROMs 

except 

■30, '31, '80, '81 



0.5 



'30, gi, ■80, "81} 



VOH 



V, 



High-level output voltage* 



CC 



MIN 



V|L = 0.8V 
V|H = 2V 



MIL Iqh = -2mA ■ 



2.4 



COM I, 



OH 



-3.2mA 



'OZL 
'OZIH 



Off-state output current* 



Vcc = I^AX 



Vq = 0.5V 



-100 



2.4V 



100 



mA 



mA 



'CE 



Open collector output current 



'CC 



MAX 



2.4V 



100 



/'A 



Output short-cir<aJit currentjj* 



Vq = OV 



-20 



-90 



mA 



'CC 



Supply current 



Vcc = "^^^ 
All inputs 
grounded. All 
outputs open. 



'30, 
'00, 



'31 



78 125 



'01 



88 130 



'05, 

■oiT 

'40, 
'88, 
'50, 



'06 



98 130 



'09, '35, '36 



100 155 



'41, 



•48. '49 



100 155 



'89 



110 



170 



'51, 



'52, '53, '80, '81 



121 175 



mA 



♦Three-state only. 

**Not mdre than one output should be shorted at a time and duration of the 
■|-Typlcaisat5.0VVQQand25"CT;^. • ■ 



short-circuit should not exceed one second. 



53/63XX-1 



Switching Cliaracteristics 



Over Commerc ia l Operati n g Condition * 



DEVICE TYPE 


'aa ("■) 
address access time 


AND tER (ns) 
ENABLE ACCESS AND 
RECOVERY TIME 


coNomotis 

(See standard test load) 




TYP t 


MAX 


TYPt 


MAX 


Ri(n) 


R2(n) 


fiTOO-1 6301 -1 


32 


55 


15 


30 






6305-1, 6306-1 


AA 


DU 


1 ( 


oU 






6308-1, 6309-1 


39 


70 


14 


30 






6335-1. 633&-1 


52 


70 


17 


30 


300 


600 


6340-1, 6341-1 


52 


70 


17 


30 


6348-1, 6349-1 


52 


70 


17 


30 






6350-1, 6351-1 


43 


60 


15 


30 






6352-1. 6353-1 


43 


60 


15 


30 






6388-1, 6389-1 


49 


70 


19 


30 






6330-1 . 6331-1 
6380-i, 6381-1 


37 
54 


50 
90 


21 
18 


30 
40 


375 


750 



Over Mllltary Operating Conditions 

















DEVICE TYPE 


tAA 

ADDRESS ACCESS TIME 


AND tER (ns) 
ENABLE ACCESS AND 
RECOVERY TIME 


CONDITIONS 
(See standard test load) 




TYPt 


MAX 


TYPt 


MAX 


R1(n) 


R2(n) 


5300-1, 5301-1 


32 


75 


15 


40 






6305-1, 5306-1 


44 


75 


17 


40 






5308-1, 5309-1 


39 


80 


14 


40 






5335-1, 5336-1 


52 


80 


17 


40 








80 






300 


600 


5340-1, 5341-1 


52 


17 


40 






5348-1, 5349-1 


52 


80 


17 


40 






5350-1, 5351-1 


43 


75 


15 


40 






5352-1, 5353-1 


43 


75 


15 


40 






5388-1, 5389-1 


49 


100 


19 


40 






5330-1, 5331-1 
5380-1, 5381-1 


37 
54 


60 
125 


21 
18 


40 
40 


375 


750 



ttyploals at 5.0V Vq^ and 25° C T;^ 



Typical Charaeteristics 



^ , 6331 
Typical Ice *• Temperafure 533 1 Typical Tfj^ «s Temperahm 




-75 -SO -25 25 50 75 100 125 -75 -50 -25 25 50 75 100 IS 

Ta -ambient temperature-°c Ta -ambient TEMPERATURE-°C 



6301 

Typical Iqq vs Temperature 5301 Typical T^ vs Temperature 




-75 -50 -25 » 50 75 100 125 -75 -50 -25 25 50 75 100 125 

Ta -ambient temperature-°c Ta -ambient temperature-°c 



Typical Chiir^cteristjes 



6306 

Typleal Iqc vs Tempenriuie ^j|;3^B TypiMi T^a *■ Temperature 




-75 -50 -25 25 50 75 100 125 -75 -50 -25 25 50 7S 100 125 
Ta .AMBIENT TEMRECMGrURE<-''e I ^ ~ JTA-AMaiENI lEMPEllATURE-jSC 



6309 

Typical V8 Temperature 5309 Typical T^ vs Temperature 




-75 -50 -25 25 SO 75 100 125 -75 -SO -25 25 SO 75 100 125 

Ta -AMBIENT TEMPaWWHHE-'C - - Tl -AMBIENr^ieWPEflA<rURK<^e 
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Ice-"*' 120 



Typical \qq vs Temperature 



6341 
6349 
5336 
5341 
5349 



1 
































j 




























cc = 


i.5V 














-55! 






"cc 


= 5.25 









-75 -SO -25 25 50 75 100 125 
Ta-MMIEHT TEMPERimjRE-'>C 



fAA-™ 50 



Typical Taa Temperature 



1 
































— r 




. — 


'CC ± 


10% 










V 


CC ±5' 


0— ' 


























-55j 

















-75 -50 -25 25 50 75 100 125 
Ta -AMBIENT TEMPERATURE -"C 



Typical Iqq vs Temperature 



S95i 
6353 
5351 
5353 



Typical T/^ vs Temperature 



ICC-™A 130 



100 



1 






































y—W 


CC = = 


.5V 








*C< 


J = 5.2! 


v—/ 


























-55 

















TaA-"' 50 



1 




































/— V 


CC ±1 


)% 


























V 


CC ±5" 


— ' 










-55] 

















-2S 25 SO 75 100 125 
-AlW atCw r TaHPERATURe-'C 



-75 -50 -25 25 50 75 100 125 
Ta -AMBIENT TEMPERATURE-°C 
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Typical i&imm0»mrfaia^ 



Typical vt TsmpMVlura 



6389 
5389 



Typical vs Tempanrtura 



ICC-"<* 130 



1 

-I 




























































'cc = 


5.5V 






^CC 


= S.25 










-55 j 

















TAA-ns 50 



-4 




































/- 


'cc ± 


0% 






































:c ±5" 










-55 

















-75 -50 -2S 25 SO 75 100 125 
Ta -ambient TEMPBUTUIffi-°C 



-75 -50 -25 25 50 75 100 125 
Ta -AMBIENT TEMPERATURE-'C 



Typical Iqq vs Tempanrtura 



6381 
6381 



Typical T^ vs Tampanrture 



ICC-"<* 130 



1 




































r 


cc- 


5.5V 






























= S.2S 


11—' 








-55' 

















TAA-ns 50 











































10% 










V 


;c ±5° 


[-/ 






■ 




















-S5| 

















-75 -50 -25 25 50 75 100 198 
Ta -AMBIENT TEMPERATURE- °C 



-75 -SO -25 25 SO 75 100 125 
Ta -AMBIENT TEMPERATURE-°C 



NOTE: Typical characteristic curves «r» for three-state devices. Equivalent open collector devices decrease in Ice approximately 10 mA and increase in Taa 
approximately 6 ns. 
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standard Test Load 



5V 



OUTPUT O- 



i 



-0TEST POINT 



Input Pulse Amplitude 3.0V 

Input Rise and Fall Times 5ns fronn 1 .OV to 2.0V 

Measurements made at 1.5V 



Dafinition of Wavaforms 



1 



'aa- 



Ad dress Access Time 



,\ 



A 



\ 



-'EA- 



Enabte Access Time and Recovery Time 



3-t2 



High Performance 512x8 
NiCr PROM 

53/6340-2 53/6341-2 



Features 

• 4096 bit memory 

• 55 ns niax aocest lime 

• Reliability proven NiCr Fusibl6 UHics 

• Available In 24-pin SKINNYDIP" 

• Industry standard pin out 

Applications 

• Microprogram store 

• Program store 

• l-ook up table 

• Programmable iogie elemant 

• Chanoter generator 

Ordering information 



Description 

The 634(V1-2 is a high speed 512x8 PROM which uses industry 
standard pin out. In additioti, the devjce is available in the 
24-pin (0.3 in.) SKINNYDIP*. 

The family features low input current PNP inputs, full Schottky 
clamping, tfiree-state and open collector outputs Ttie nichrome 
fuses store a logical high and are programmed to the low state. 
Special on-chip circuitry and extra fuses provide preprogram- 1 
ming tests which agifH)^ htSh progtafnmlhfl'-yiglcjs and' high 
reliability. ' 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for the 
military ranges. 



Programming 

This PROM is programmed with the same programming 
atgorilhm as all other-NiCr PROMs. 



MEMORY 


PACKAGE 


COMMERCIAL 


MILITARY 


SIZE 


ORGANIZATION 


PINS 


TYPE 


PART NUMBER 


MAX TAA 


PART NUMBER 


MAX TAA 


4K 


512x8 


OC 


24 


J, JS 


6340-2 


70 ns 


5340-2 


90 ns 


TS 


6341-2 


55 ns 




70 ns 



Pin Configurations 



E 


*7 


Vcc 


E 




E 


*7 


Vcc 




E 


*. 




E 




E 


*6 


*s 


m 


E 


*5 


NC 


H 


53/6340-2 


E 


*5 


NC 


E 


E 


A4 




i 


53/6341-2 


E 


*4 




E 


E 


*3 




i 




E 


*3 




E 


E 










E 


*2 


512x8 

S3 


E 


E 


*i 








E 


*1 


E4 


E 


E 


*» 


°8 






E 


*0 


°8 


E 


E 










E 


°1 


O7 


E 


E 


02 


o» 


E 




Ei 


Oj 


o» 


E 


E 


03 




E 




E 


03 


°S 


E 


E 


GND 


04 


E 




E 


GND 


O4 


E 




J - 0.6 in. wide 




1 






< ► 





SKINNYDIP is a registered trademark ot Monolithic Memories 
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S3/6340-2 53/6341-2 



Absolute Maxbrnnn Rating 

Supply voltage, V^c ^ 

Input V }ltage TV 

Off-stal 8 output voltage 5.SW 

Stone* tamparature •• — . .. -65" te+150»C 



Operating Conditions 



SYMB 


OL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


vcc 




Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 






Qpeii^ng 1m sir temper^tve 


-55 125 


75 


•c 



Electrical Characteristics over operating conditions 



SYMBOL 



'IL 



PARAMETER 



LoviT-leve! input voltage 



TEST CONDITIONS 



MIN TYPt MAX 



0.8 



UNIT 



'IH 



High-level Input voltage 



V|C 



Input clamp voltage 



'CC 



MIN 



-18mA 



-1.5 



'IL 



Low-level input current 



i/qc = MAX V| = 0.45V 



-0.25 



mA 



i|H 



High-level input current 



MAX 



V| = 4.5V (Program pin) 

V| = Vcc MAX (Other pins) 



40 



^A 



'CC 



MIN 



Vol 



Low-level output vQltase 



V|L = 0.8V 



'IH 



2V 



MIL Iql = 12mA 



COM Iql = 16mA 



0.5 



vot- 



High-level oi^ut voltage* 



Vcc = MIN 
V|L = 0.8V 
V|H = 2V 



MIL I 



OH 



-2mA 



2.4 



COM Iqh = -3.2mA 



'ozi. 



'oai 



Off-state output current* 



'CC 



= MAX 



0.5V 



Vr 



2.4V 



40 



ICE> 



Open collector output current 



'CC 



= MAX 



Vq = 2.4V 
Vq = 5.5V 



40 
100 



mA 



'OS 



Output short-circuit current?}* 



Vcc = 5V 



Vq = OV 



-20 



-90 



mA 



CC 



Supply current 



Vcc = MAX 



All inputs grounded 
All outpute open 



MIL 
COM 



120 175 



120 155 



mA 



♦Three-slate only. 

♦♦Not more than one output stiould be shorted at a time and duration of the short-circutt should not exceed one second. 
■(■ Typicals at 5.0V V^c and2S"CT/^. 
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53/6340-2 53/6341«2 



Switching Characteristics 

Over openrtbig conditions 



DEVICE TYPE 


•aa ("*) 

ADDRESS ACCESS TilME 


IeaANDIq, (ns) 
ENABLf ACCESS AND 
RECOVERY TilWE 


CONDITIONS 
(See standard test load) 




TYPt 


MAX 


TYP 


MAX 


R1(n) 


R2(n) 


6340-2 


49 


70 


19 


30 






6341-2 


45 


55 


19 


30 


300 


600 


5340-2 


49 


90 


19 


40 


5341-2 


45 


70 


19 


40 







T 



tTypicals at 5.0V Vqq and 25° C . 



3 




53/«340-2 53/6341-2 



Startdard Test Load 



"1 

>30on 



OUTPUT O- 



"2 __ 



-®TEST POINT 



:30pF 



Daniittion of Wavoforms 



Y" 



1 



•aa- 



Input Pulse Amplitude 3.0V 

Input Rise and Fall Times 5ns from 1.0V to 2.(V 

Measurements made at 1.SV 



X 



A 



\ 



/ 



-«EA- 



-•-<ER-» 



Address Access Time 



Enable Access Time and Recovery Time 



High Performaiice 512x8 
NiCr PROM 

53/6348-2 53/6349-2 



Features: 

• 4096 bit memory 

• 55 ns irax access time 

• Reliability proven NICr Fusible Links 

• industry standard 20 pin out configuration 

- 

Applications 

• Microprogram store 

• Progruij store 

• Loolc up table 

• Programmable logic element 

• Chanictn' generator 



Description 

The 6348/9 is a high speed 512x8 PROM which uses industry 
standard pin out. 

The family features low input current PNP inputs, full Schottky 
clamping, three-state and open collector outputs. The nichrome 
fuses store a logical high and are programmed to the low state. 
Special on-chip circuitry and extra fuses provide preprogram- 
ming tests which assure high programming yields and high i 
-iiiallabU%, 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for the 
military ranges. 

Programming 

This PROM is programmed with the same programming 
algorithm as all other NiCr PROMs. 



Ordering information 



MEMORY 


PACKAGE 


COMMERCIAL 


MILITARY 


SIZE 


ORGANIZATION 


PINS 


TYPE 


PART NUMBER 


MAX TAA 


PART NUMBER 


MAX TAA 


4K 


512x8 


OC 


20 


J 


6348-2 


70 ns 


5348-2 


90 ns 


TS 


6349-2 


55 ns 


5349-2 


70 ns 



Pin Configuration 




monoUtk 
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ism 



53/6348-2 53/6349-2 



Abwtlute Maximum RaHngs 

Supply voltage, Vqq 7V 

Input voltage 7V 

Off-state output voltage ■. . 5.5V 

Sts^Llecrip^ratur^ ...j., .f,.,,^.^,^^^^.,,,,,^,^.„^^,..,.,^.....,^...-es^ to +150°C 



Opmating Conditions 



SI<ME 


OL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


Vcd 




Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 






Operating free air temperature 


-SS 125 


75 


°C 


EiM 


tricai CliaraCtoristiCS over operating Conditions 


SYMBOL 


PARAMETER 


TEST CONDITION 


S 




MIN TYPt MAX 


UNIT 


V|L 




Low-level input voltage 






0.8 


V 


V|H 




High-level input voltage 




2 


v 


V|q 




Input clamp voltage 


Vcc = '^"^ 'l = -18mA 


-1.5 


V 


l|L 




Low-level input current 


Vcc = '^AX V| = 0.45V 


-0.25 


mA 


l|H 




High-level input current 


Vcc =IMAX ^'^''■^^ (Program pin) 
V| = Vcc ^^^^ (Other pins) 


40 


mA 


Vol 




Low-level output voltage 


Vcc = '^"*' 
V|i_ = 0.8V 

V|H = 2V 


MIL Iql = 12mA 


0.5 


V 


COM Iql = 16mA 


vot 


1 


High-level output voltage* 


Vcc = "WIN 

V|L = 0.8V 
V,H = 2V 


MIL Iqh = -2mA 


2.4 


V 


COM Iqh = -3.2mA 


'oz 
'oz 


H 


Off-state output current* 


Vcc = MAX 


Vq = 0.5V . ". V 
Vq = 2.4V 


-40 
40 


mA 

mA 


'CE 


( 


Open collector output current 


Vcc = f^AX 


Vq = 2.4V 
Vq = 5.5V 


40 

100 


mA 


'os 




Output short-circuit currentj* 


Vcc = 5V 


Vq = OV 


-20 -90 


mA 


'cc 




Supply current 


Vcc = I^IAX 


All inputs grounded 
All outputs open 


MIL 


120 175 


mA 


COM 


120 155 



♦Three-state only. 

t KKie than one output should be shorted at a Vme and duration dl the aHotcliEutt Mwuld not exeaed one second. 
fTypical^atS.aVVQQ and25°CTA. 
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53/634S^ S3/6349-2 



Switching Ciiaracteristics 

Over Commercial Operating Conditions 



DEVICE TYPE 


*AA ("») 
ADDRESS ACCE^ TIME 


»EA AND tgR (ns) 
ENABLE ACCESS AND 
RECOVERY TIME 


CONDITIONS 
(Sea standard test load) 




TYPt 


IMAX 


TYP 


MAX 


Ri(n) 


R2(n) 


6348-2 


49 


70 


19 


30 






6349-2 


45 


55 


19 


30 


300 


600 


5348-2 


49 


90 


19 


40 


5^49-2 


45 


70 


19 


40 







trypicals at 5.0V Vf-r «^ ZS°C T. 



Typical Iqq vs Tempeiatura 



Typlcil T^^ vs Tatnparatiira 



























-Vcc 


= 5.SV 








V 




5v/ 










































-55] 

















TaA-™ 50 















































c ±io> 








V 


CC ±5" 


























-S5| 

















-79 -50 -25 25 50 75 100 125 
Ta -AMBIENT TEMPERATURE-' C 



-75 -SO -25 25 50 75 100 12S 
Ta -AMBIENT TEMPERATURE-°C 



53/6348-2 53/6349^ 



Stai dflFd Tvst Load 



OUTPUT O- 



"1 

soon 



. itoon 



-0TE8TROIKr 



Input Pulse Amplitude 3.0V 

Input Rise and Fall Times 5ns from 1XV to 2.0V 

Measurements made at 1£V 



Definition of Waveforms 



A 



I 



-lAA- 



-•ea- 



Addms Aooets Time 



EMble Ac COM Thne 9nd RccovMy Tta^e 
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Performance 2048x4 
NiCr PROM 

53/6389-2 



FMtures 

• 8192 Ut memory 

• Three-state outputs 

• 55 ns max access time 

• Reliability proven NiCr Fusible Unk* 

• bKhwIry standard pin out 

Applications 

• MIeropiogiam elore .. ^ 



Ordering Information 



• Look up table 

• Programmable k>gic element 

• Character generator 

Programming 

This PROM is programmed with the same programming 
algorithm as aH ether NiCr PROMs. 



MEMORY 


PACKAGE 


DEVICE TYPE 


SIZE 


ORGANIZATION 


PINS 


TYPE 


COM 


MIL 


8K 


2048x4 


18 


J 


638&-2 


5369-2 



The 6389-2 is a high 
standard pin out. 



speed 2Kx4 PROM which uses industry 



The family features low input current PNP inputs, full Schottky 
clamping, three-state outputs. The nichrome fuses store a 
logical high and are programmed to the low state. Special 
on-chip circuitry and extra fuses provide preprogramming teste 
which assure high programming yields and high reliability. 

The 63 series Is specified for operation over the commercial 
temperature and voltage range. The S3 series is specified for the 
military ranges. 



Pin Configuration 



*8 


*CC 


As 


*7 


*4 


*8 


*3 


*• 




2048x4 


*0 


Of 


*1 




*2 




*10 


04 


GND 


p/i 



3 



ID 



toUihki 



^-21 



53/6389-2 



Absolute Maximum Ratings 



Supply 
Input 
Off-state 
Storagi i 



voltage, V^c • • 

\|oltage 

output voltage 
temperature ... 



Op« rating Conditions 



TV 

TV 

5.5V 

5° tQ +ISO'C 



srm 


OL 


PARAMETEB 


MILITARY 
MIN NOM MAX 


COMMERCIAL 
MIN NOM MAX 


UNIT 


Vcc 




Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 


Ta 




Operating free-air temperature 


-55 125 


75 


°c 


Eie<) 


^icai CliaraCteristiCS over operating (^ditiora 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN TYPt %MAX 


UNIT 




Low-level input voltage 




0.8 


V 


V|H 


High-level input voltage 




2 


V 


V|( 




Input clamp voltage 


Vcc = "^"^ 'l = -18mA 


-1.5 


V 


l|L 




Low-ilevel input current 


Vcc = ^'^^ V| = 0.45V 


-0.25 


mA 




1 


High-level input current 


V| = 4.5V (Program pin) 

vnn - MAX 

V| = Vcc MAX (Other pins) 


40 


fA 


vc 


L 


Low-level output voltage* 


Vcc " "^"^ 
V|L = 0.8V 

V|H = 2V 


MIL Iql = 12 mA 


0.5 


V 


COM Iql = 16 mA 


vc 


H 


High-level output voltage 


Vcc = '^"^ 
V|L = 0.8V 
V|H = 2V 


MIL Iqh = -2mA 


2.4 


V 


COM Iqh = -3.2mA 


lO 

lO 


:l 


Off-state output current 


Vcc " 


Vq = 0.5V 


-40 


fA 


Vq = 2.4V 


40 




lO 


s 


Output short-circuit current* 


Vcc = 5V 


Vq = OV 


-20 -90 


mA 


"c 


c 


Supply current 


All inputs grounded. 

vrtr* - MAX 
^ AM outputs open 


MIL 


110 170 


mA 


COM 


110 155 



tTypioi Is at 5.0V Vqq and 2S*C Ta 
•Not I 



t n^ore than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
Swilclling CliaracteristiCS over operating conditions 



D 


EVICE TYPE 


»AA ("") 
ADDRESS ACCESS TIME 


«EA AND tER (ns) 
ENABLE ACCESS TIME 
RECOVERY TIME 


CONDITIONS 
(See standard test load) 






TYPt 


MAX 


TYPt 


MAX 


R1(n) 


R2(n) 




6389-2 


44 


55 


19 


30 


300 


600 




5389-2 


44 


70 


19 


.40 
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IMInltion of Wavaiorms 



\ 

1 


i 








\ 




«AA— - 


Address Access Time 



-tEA— ^ |-^lEH-»- 

Enable Access Time and Recovery Time 



Standard Test Load 



"1 

(soon 



Input pulse amplitude 3.0V 

Input rise and fall times 5ns from 1.0V to 2.0V 

MdBSurements made at 1.5V 



OUTPUT o- 



"2 I 
Rnnn 



-©TB8T PQIWr 



^600(1^ 30pF 



High Performance 1024x8 
NiCr PROM 

53/6380-2 53/6381-2 



Features 

• 8192 bit memory 

• 55 IS max access time 

• Reliability proven NICr Fusible Links 

• Available In 24-pln SKiNNYDIP™ 

• Industry standard pin out 

Applications 

• Microprogram store 

• Projiam store 

• Look up table 

• Pro jrammaUe logle element 

• Character generator 

Ordering Information 



Pin 



Description 

The 6380/1-2 is a high speed 1Kx8 PROM which uses industry 
standard pin out. In addition, the device is available in the 
24-pin (0.3 in.) SK1NNYDIP'". 

The family features low/ input current PNP inputs, full Schottky 
clamping, three-state and open collector outputs. Thenichrome 
fuses store a logical high and are programmed to the tow state. 
Special on-chip circuitry and extra fuses provide preprogram- 
ming tests which assure high programming yields and high 
reliability. 

The 63 series is specified for operation over the commercial 
teofperitture and voltage range. The 53 series is^nsclfled forthe 
military ranges. 



Programming 

This PROM is programmed with the same programming 
algorithm as all other NiCr ^ROMs. 



MEMORY 


PACICAGE 


COMMERCIAL 


MILITARY 


SIZE 


ORGANIZATION 


PINS 


TYPE 


PART NUMBER 


MAX TAA 


PART NUMBER 


MAX TAA 


8K 


1Kx8 


OC 


24 


J, JS 


6380-2 


70 ns 


538&-2 


90 ns 


TS 


6381-2 


55 ns 


5381-2 


70 ns 



Configurations 



E 


*7 


*CC 


El 


E 


A7 




El 


U. 


*s 


As 


H 


E 


As 


As 




E 


*5 


A, 


22] 


E 


As 


A, 


E 


E 


A4 


^1 


i 


E 


A4 




E 


E 


*3 


P/ii 




E 


*3 






E 


^ 1024x8 




E 


E 


Aj 


1024x8 c 

^3 


E 


E 


Al 


E4 


E 


E 


Al 


E4 


E 


E 




°t 




E 


Ao 


Os 


E 


E 


Ol 


O7 


i 


E 


Ol 




1 


E 




°e 


ID 


[io 


O2 


Os 


30 


E 




05 


i3 , - 


E 


03 


°5 


iO 


E 


GND 


04 


!D 


E 


GND 


O4 


E 


1 


J = 0.6 in. wide 




1 




■< ^ 





\emarh, of MonoJithic Miemories 
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Absolute Maximum Ratings 

Supply voltage, Vcc r ^ 

Input voltage TV 

Off-state output voltage 5.5V 

Storage temperature — — ..^ -65° to +150° C 



Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


^CC 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 




Operating free air temperature 


-56 125 


75 


°c 



Electrical Characteristics Over Operating Conditions 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|L 


Low-level input voltage 




0.8 


V 


V|H 


High-level input voltage 




2 


V 


V|C 


Input clamp voltage 


Vqc = MIN Ij = -18mA 


-1.5 


V 


"IL 


Low-level input current 


Vcc = ^^AX V| = 0.45V 


-0.25 


mA 


l|H 


l-llgh-level Input current 


Vrr = MAX ^' " ''•^^ P'"' 
^'^ V| = Vcc '^'^^ (°tfier pins) 


40 


mA 


Vol 


Low-level output voltage 


V|L = 0.8V 
V|H = 2V 


MIL Iql = 12mA 


0.5 


V 


COM Iql = 16mA 


VOH 


High-level output voltage* 


Vcc = "^"^ 
V|L = 0.8V 
V,H =2V 


MIL Iqh = -2mA 


2.4 


V 


COM Iqh = -3.2mA 


Iqzl 


Off-state output current* 


Vcc = MAX 


Vq = 0.5V 


-40 


A.A 


Iqzh 


Vq = 2.4V 


40 




'CEX 


Open collector output current 


Vcc = MAX 


Vq = 2.4V 


40 


mA 


Vq = 5.5V 


100 


Iqs 


Output short-circuit currents* 


Vcc = 5V 


Vq = ov 


-20 -90 


mA 


Iqc 


Supply current 


...„ All inputs grounded 
Vcc ~ MAX 

All outputs open 


MIL 


120 175 


mA 


COM 


120 170 



♦Three-State only. 

^Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
t Typicals at S.OV and 25*C T^. 
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53/6380-2 53/6381-2 



Sw tching Characteristics 

Over DperaBng ConcBttons 





DEVICE TYPE 


«AA 

ADDRESS ACCESS TIME 


tEAAtflS tEp, (ns) 
ENABLE ACCESS AND 
RECOVERY TIME 


CONDITIONS 
(See standard test load) 






TYP+ 


MAX 


TYP 


MAX 


R1(n) 






6380-2 


49 


70 


19 


30 








6381-2 


45 


55 


19 


30 


300 


600 




5380-2 


49 


90 


19 


40 




5381-2 


45 


70 


19 


40 







fTypioals at 5.0V Vqj- and 25''CT^ 



Ire-"* 125 



Typleal Iqq «s TemperatUK 



Typical T^ vs Temperature 



1 


























= 5.5V 








^CC 


= 5.25V 












































-55 

















TaA"™ 50 















































C ±10 









V 






— 5 






~C ±5" 
























-55 

















-75 -50 -25 25 50 75 100 125 
Ta -AMBIENT TEMPERATURE-°C 



-75 -50 -25 25 50 75 100 125 
Ta -AMBIENT TEMPERATURE- °C 
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53/6380-2 53/6381-2 



Standanl Test Load 



t*, 4^.3- 



Definition of Waveforms 



J- .*r 



OUTPUT O- 



"1 

300(1 



> R2 

$600!! - 



:30pF 



Input Pulse Amplitude 3.0V 

Input Rise and Fall Times Sns from 1.0V tp 2.QIV 

Measurements made at 1.5V 




Addi«w iKceess Tinie 



lrai«l« A(ic««f Tim* itnd RaoMery Time 



NiCr PROM 

Programming Instructions 

53/63XX 



Description 

The 53/63XX Generic PROM Family is manufactured with A particular word, a nichrome fusilale link must be opened. This 
outpute^ high iri all storage lorations. To malce ail outpU^M^ procedure i» <;ane(r pcogramming. 



Programming Procedure (See F^im i) 

1. Apply the desired address to the inputs. 
•2. Eni ble Inputs may be left at any state.* 
^3. Apply 5.5V to Vcc- 

4. Api ily Vppto the program pin. (This st^ is not used on the 
325(8 PROM)*. 

5. Api ily Vqut *° output to be programmed. (Program only 
one output at a time). 

6. Ret riove Vqut- 

7. Remove Vpp. 

8. Ver f ication may be performed after each bit or word or after 
cor ipleting the programming of all memory locations. 

*The 5330/1 and 6330/1 do not have a program pin. For these devices the 
outpu only is used in programming a particular selected bit and the device 
must I « in the disabled ^te. 



Verification Procedure (See Figure 2) 

1. Enable the device. 

2. To verify low-state: 

2A. Apply an address where the output should be low. 

2B. Apply 4.2V to Vcc- 

2C. Load the output with Iq^ = 12 mA. 

2D. Check that the output is less then 0.8V. 

3. To verify High-state: 

3A. Apply an address where the output should be high. 
3B. Apply 6V to Vqc- a''- . f- .• ; ; 

SC. Load the output with Iqh = 0.3 mA. 
3D. Check that the output is higher than 4.SV. 



X 



Programming Parameters Do not test ttiese parameters or you will program the device. 



SYM 


BOL 


PARAMETER 


CONDITIONS 
TA = +25" C 


FIGURE 


LIMITS 
MIN TYP MAX 


UNIT 


tR 




Slew rate of Progrannming Pulsesf 






0.3 0.5 


V///S 


vc 




Vcc During Programming 






5.4 5.5 5.6 


V 






Maximum Duty Cycle 






25 


% 


Vp 




Programming Voltage on Program Pin* 




1 


27 33 


V 


Vqut 


Programming Voltage on Output Pin* 




1 


20 26 


V 


'Dl 




Delay between Vpp and VOUT 




1 


10 20 


A(S 






0.5 1 






Pulse width of Vqut 




1 


10 40 








VOL during verification 


Chip enabled 
lOL = 12 mA 

Vcc = 4.2V 


2 


0.8 


V 


3 


HV 


VOH during verification 


Chip enabled 
lOH = 0.3 mA 
VCC = 6V 


2 




V 


♦Volto 


le supply must be capaliie of supplying at least 240 mA. 
« edge of \4>p and VOUT 



1165 East/ 
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MiCr PROM^PiWiliimniiHI htammmjkm^/^KX 



V|H- 



AODRESS 



X 



Vcc 
WPP 



7 



V|L- 



VOUT 




Figure 1. Progra m ming Timing Diagrmn 



VlH- 



AOORESS 



V|L- 



X 



X 



Vcc 5V 




-Check VoLV- 



J 



tVOHV- 



Rgure 2. Verification Timing Diagram 



Optimized Programming Aigoritlim 

1. Pulse all fuses to be programmecl with single, minlnnum 
voltage programming pulses (line 1 In the table). 

2. Verify all fuses at Iovk VCC (4.2V). During this step, 
unprogrammed fuses are pulsed up to eight more times 
(see table). 

3. I^e-verify at low Vcc (4.2V) and high VcC (6V). 



PULSE 


PROGRAM PiN 


OUTPUT 


NUMBER 


VOLTAGE 


VOLTAGE 


1 to 3 


27V 


20V 


4 to 6 


30V 


23V 


7 to 9 


33V 


26V 



NiCr PROM Programming Instructions 53/63XX 



Commercial Programmers 

MMI F'FtOMs are designed and tested to give a programming 
yield g reater than 95%. If your programming yield is lower, check 
your programmer. It may not be properly calibrated. (See figures 
1and |2). - , . - - - 

Programming Is final manufacturing— it must be quality-con- 
trolled Equipment must be calibrated as a regular routine, 
ideally under the actual conditions of use. The best method 
involves a storage scope, with DC current probes clamped over 



#ie ®<ternal wires to the program pin and the output pin. The 
current should not be limited at a value less than 240mA. T(iiscan 
be checked by using a 50-ohm resistor as a load. Each timea new 
board or a new/ programming module is inserted, the whole 
system should be checked. Both timing and velteges must meet 
PMfelisftgfliSpesiieates for the device. 



Remember— The best PROMs available can be made uniellable 
by Improper programming techniques. 



Pi 


hRT NUMBER 


SIZE 


CONFIGURATION 


OUTPUT 


NO. OF PINS 


SOCKET ADAPTER 


h 


IL 


COM 


DATA I/O 
(ALL SERIES)* 


(SERIES 90, 92)t 


5330 
5331 


-1 
-1 


6330- 1 

6331- 1 


1/4K 


32x8 


OC 
TS 


16 


715^1046 


PA16-2 


530C 
530- 




6300- 1 

6301- 1 


IK 


25&(4 


OC 
TS 


16 


715-1035-1 


PA16-1 


S30i 
530€ 


h 


6305- 1 

6306- 1 


2K 


512X4 


OC 
TS 


16 


715-1035-2 


PA16-1 


530£ 


-1 
1-1 


6308- 1 

6309- 1 


2K 


256x8 


OC 
TS 


20 


715-1028-1 


P/^0-2 


533^-1 
5336-1 


6335- 1 

6336- 1 


2K 


256x8 


OC 

TS 


24 


715-1033-1 


PA24-1 


534- 


? 


6340- 1,-2 

6341- 1,-2 


4K 


512x8 


OC 
TS 


24 


715-1033-2 


PA24-1 


534C 
5341 


-2 


6340- 2 

6341- 2 


4K 


sia«8 


OC 
TS 


JS-24** 


NA 


PA24-23 


5346 
534? 


-1,-2 


6348- 1,-2 

6349- 1,-2 


4K 


512x8 


OC 
TS 


20 


715-1064 


PA20-2 


535C 
5351 


-1 


6350- 1 

6351- 1 


4K 


1024x4 


OC 

TS 


18 


715-1036 


PA18-1 


5352 
53S 


-1 
-1 


6352- 1 

6353- 1 


4K 


1024x4 


OC 
TS 


18 


715-1039-3 


PA18-2 


5388- 1 

5389- 1,-2 


6388- 1 

6389- 1,-2 


8K 


2048x4 


OC 
TS 


18 


715-101® 


PA18-2 


538C 
538 


-1,-2 
-1,-2 


6380- 1,-2 

6381- 1,-2 


8K 


1024x8 


OC 
TS 


24 


715-1033-3 


PA24-1 


538C 
5381 


-1,-2 
-1,-2 


6380- 1,-2 

6381- 1,-2 


8K 


1024x8 


OC 
TS 


JS-24** 


NA 


PA24-23 



^Program card set is 909-1226-1 for all serl;^ DATA I/O. 
tPersmality module is PM 90S7 for all PBO-LOG (series 90( 92). 
««JS i^ the 0.3 in. wide SKIMNYDIP" package. 



High Performanee 
Ti-W PROMs 



Features/Benefits 

• Reliable Titanium-Tungsten fuses (Ti-W) 

• Low voHbqs pfoyTMimiing 

• New advanced platinum slllclde Schottky process allows 
designs with fastest speeds over operating temperature 
ranges 

• Upwards pin compatibility in industry standard pin outs 
(most of wtilch were first introduced by MMI In our Stan- 
dard Performance PROM family). 




Unblown Fuse 



New Programming Technique: 

Our new HIGH Performance PROMs use an elevated voltage at 
Vcc instead of using a separate programming pin (one of the 
enables) as in the Standard Performance PROMs using nichrome 
fuses. Changes in the internal circuitry were made to optimize 
speed and accordingly the unblown fuse represents a LOW at 
the output. When a fuse Is programmed it reflects a liigh at the 
output* 




Blown Fuse 



* NOTE: This is opposite to that of our standard performance 
Schottky PROMs using nichrome fuses. 



MonolUhIc |S]ST| 
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Hi Performance Ti-W PROMs 



MMI Part Numbering Sylitem 

The new system approaches part numbering using the method 
of l<eying important attributes of the device. The miiitary/com- 
merciai and PROM/ROM numbering system is preserved i.e., 
5/6 - 3/2. These two digits are separated from the actuai device 
nutntser by a- teGlwiolOi|pteoa^urati0n«lesigf»lDr..ustog MSms. 

"S" = Schotttty 
"LS" = Low Ptwer SdhotV^ 
"PS" = Power Switched 
"RA" = Registered Asynchronous 
"RS" = Registered Synchronous 

The numt>er following this code describes. . . . 

1 . The size of the memory (bits) 

2. Jhe memory organization by specifying the number of 
outputs ■:! ' ' 

3. Output configuration and pin out/package options 

If a higher performance part co-exists i.e., faster speed, then a 
suffix letter (A) is added to distinguish between the two devices. 
The normal package letter designator follows last as is custom. 

NEW NUMBra PART DESCRtPTION 



• Temperature Performance 
■ Memory Type 

• Generic Family Designator 



' Size of Menrory 



5 = Military 

6 = Commercial 

3 = PROM (Fuse Programmable) 
2 = ROM (Mask Pnigrammable) 

. S = Schottky 
LS = Low Power Schottky 
^ = Power Switched Schotlky 
(V< = Registered Asynchronous, Schottky 
RS = Registered Synchronous, Scihottky 

, = 256 Bit 

1 = 1024 Bit 

2 = 2048 Bit 
4 = 4096 Bit 
6 = 8192 Bit 

16= 16384 Bit 



■ Number of Outputs 

■ Output/Pinout Designator 



.4 = 4 Outputs 
8 = 8 Outputs 

= Open Collector 

1 =Tri-Stato 

2 = Open Collector 

3 = TrlMState 



Istpkg; O.e.,20pin) 
2nd pkg. (i.e., 24 pin) 



\nnnnnr\f \ 



■ Pertonmnce 



etc, etc. 

, Absence of letter Indicates standard 



□□□□□□DD □□□□ 

Optional HI-REL Processing* 



A - enhanced (i.e., speed) 

. J = Cerdip 
D = Side brazed 
N = Plastic 
F = Ratpack 

* 883B MIL-Std-883, Method 5004 & 5005 Level B 
883C MtL-Std-883, Method 5004 & 5005 Level C 
"B" MIL-Std-683, Method 5004 eiqufvalent 
'C" MIL-Std-883. Method 5004 equivalent 



High Performance 
Generic Ti-W PROM Family 

53/63SXXX 



Features/ Benefits 

• Reliable Tttanhim-Tungrten futet (TI-W) 

• Low voltage programming 

• Highest speed Schottky PROM family available 

• Pin compatible with standard Schottky PROMs 

• PNP inputs for low Input current 

• CompaCnble ptn coriflgiirafficins for upward eqiansiah 



Applications 

• IMicroprogram control store 

• Microprocessor program store 

• Look up table 

• Character generator 

• Random logic 

• Code converter 



Description 

The family features low input current PNP inputs, full Scfiottky 
clamping and tfiree-state and open collector outputs. The titanium- 
tungsten fuses store a logical low and are programmed to the 
high state. Special on chip circuitry anid extra fuses provide pre- 
programming testing which assure high programming yields and 
high reliability. 

The 63 series is specified for operation over the commercial 
temperature and voltage range. The 53 series is specified for 
the military ranges. | 



High Performance Generic PROM Selection Guide 



MEMORY 


PACKAGE 


DEVICE TYPE 


SIZE 


ORGANIZATION 


PINS 


TYPE 


0°C to +75°C 


-55°C to +125°C 


IK 


256x4 


OC 
TS 


16 


J.N 


63S140 
638141 


5381 40 
53S141 


2K 


512x4 


OC 
TS 


16 


J,N 


638240 
i. 638241 


53Si240 
538241 



Pin Configurations 

53/63S140 53/63S240 
53/63S141 53/63S241 



E 


*6 


vcc 


ID 




«e 


Vcc 


ID 


U. 


As 


At 


m 


E 


As 


A? 


ID 


U. 


A4 


i; 


E 


E 


A4 


As 




E 


*3 


ii 

256x4 




E 


A3 


512x4 ^ 




E 


*0 


o, 




E 


*0 


0, 


m 


E 


*1 


02 


ID 


E 


A, 


02 


m 


E 


A2 


O3 


Hi 


E 


A, 


03 




E 


GND 


04 


n 


E 


GND 


0. 





Suppli Voltage. Vcc . r,, ; /v 

Input Voltage .... TV 

Off-state output voltage 5.5V 

Stomge temperature - • - to +150°C 



Operating Conditions 



SVM 


iOL 


PARMHETER 


MILITARY 
MIN NOM MAX 


COMMERCIAL 

MIN NOM MAX 


UNIT 


Vc 




Supply volfege 


.4^ 5 5.5 


4.75 5 . 5.25 


V 

. 






Operating free-air temperature 


-55 125 


.. 75 


•c 



Electrical C hat»CtO riSti C S Over Opwaana CondWoiw 



SVM^L 


PARAMETER 


TESTCONDinOIW 


MIN TYPt MAX 


UNIT 


V|L 


Low-level input voltage 




0.8 


V 


Vh 


High-level input voltage 




2 


V 


Vc 


Input clamp voltage 


Vcc = "^IN 'l = -18mA 


-1.5 


V 


l|L 


Low-level input current 


Vcc = I^AX V| = 0.4V 


-025 


mA 


'IH 


High-level input current 


Vqjj = MAX V] = Vcc "^A^ 


40 


UA 


v< 


)L 


Low-level output voltage 


Vcc= M»N 
V|L = 0.8V 
V|H = 2V 




MIL 


0.5 


V 


COM 


0.46 


V 


3H 


High-level output volUige 


Vcc = "^'N 
V|L = a.8v 
; V|H = .2V 


MIL loH = -2mA 


2.4 


V 


COM Iqh = -3.2mA 


Iqzl 


Off-state output current * 


Vcc = MAX 


Vq = 0.4V 


-40 


pA 




)ZH 


Vq = 2.4V 


40 




1 ^ 




Open collector output current 


Vcc = I^AX 


Vq = 2.4V 


40 


M 




Vq = 5.5V 


100 


'c 


)S 


Output short-circuit current 


Vcc = 5V 


Vq = OV 


-20 -90 


mA 




X 


Supply current 


Vcc " 
All inputs 
grounded. All 
-outputs open. 


'8140 'SI 41 


80 130 


mA 


'S240 'S241 


90 130 



♦ Three-state only 

**Not more than one output should be shorted at a ttS* and duration of the short-circuit should, not exceed one seconB. 
tTyi]>icalsat5.0Vjjj,and25°CT^ ^ ^ 



It. 



5S/S3SXXX 



Switching Cliaracteristics 

Ovwr CohwhoicIbI Oporattng CondWoM 



DEVICE 
TYPE 


tAA(n») 
ADDRESS ACCESS TIME 


«ea("«) 
enable access time 


tER(ns) 
ENABLE RECOVERY TIME 


TYpt 


MAX 


TYP 


MAX 


TYP 


MAX 


63S140/1 


29 


45 


15 


25 


15 


25 


63S240/1 


27 


45 


15 


25 


15 


25 


53S140/1 


29 


55 


15 


30 


15 


30 


53S240/1 


27 


55 


15 


30 


15 


30 



t Typieals at 5.0V/Vgg and ZS'C 



Typlcfll TwnpflffBlun 



TVi^ied «8 Tamperalum 



ICC"™* 1*" 







































































r 


CC " 


;.5V 








-ssj 






;i7 











63S141 
53S141 



1 
























































/ 




C ±10' 








V 












CC ±5 






-ssj 

















-n 



-28 25 50 7S 100 125 
Ta -AMBIENT TEMPERATURE- °C 



-75 -50 25 50 75 100 125 

Ta -AMBIENT TEMPERATURE-'C 



'CC-™» 100 



1 










































CC = = 


.5V 
























>'cc 


: 5.25 










-55 1 

















63S241 
53S241 

60 



Taa-"* « 



20 



1 
















































r 


— 










;c 








V 












CC ±5 


.J 




-ssj 

















-75 -50 -25 25 SO 75 100 125 
Ta -ambient TEMPERATURE-'C 



-75 -50 -25 25 50 75 100 125 
Ta -ambient TEMPERATURE-*C 
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Standard Test Load 



Def 



OUTPUT O- 



"1 

30011 



"2 

feqon' 



-®TEST POINT 



Input Pulse Amplitude 3.0V 

Input Rise and Fall Times 5ns from 1.0V to 2.0V 

Measurement made a£ l.SV 



nition of Waveforms 

— V 

i\ 



I 



-'aa- 



Address Access Time 



T 



\ 



J 



Enable Access Time and Recovery Time 



Low Power 

Generic Ti-W PROM Family 

53/63LSXXX 



FMtures/Benflflts 

• Very low power ~' 

• Excellent speed-power product 

• Reliable Titanium-Tungsten (TI-W) fu»4t 

• Low voltage programming 

• Industry standard pin-out 

• PNP Inputs tor low Input current 



Applications 

• Microprogram eonlfal 4tere — 

• Microprocessor program store 

• Look up table 

• Character generator 

• Random logic 

• Code conveKter _L 



Hwieriptlon . , . . - - -v , . - 

The 'LSXXX family features very low speed power product, low 
input current PNP inputs, full Schottky clamping and three-state 
and open collector outputs. The titanium-tungsten fuses store a 
logical low and are programmed to the high state. Special on chip 
- -Circuitry and extra fuses provide preprogramming testing which 
assure high programming yields and high reliability. 

The 63 series is specified for operation over the commercial I 
temperature and voltage range. The 53 series is specified for the 
military ranges. ' 



c:HOiTi-5Mr>'- fl= Programming 

~ The low power ('LSXXX) generic PROM family has the same 
programming specifications as the standard TiW ('SXXX) 
PROMs. This allows the same generic programmer and per- 
sonality card to be used for both "LSXXX and "SXXX PROMs. 



Low Power Generic PROIM Selection Guide 



MEMORY 


PACKAGE 


DEVICE TYPE 


SIZE 


ORGANIZATION 


PINS 


TYPE 


0°C to + 75°C 


55°C to +125°C 


1K 




OC 






63LS140 


53LS140 


256x4 


TS 




J.N 


63LS141 


53LS141 


2K 


512x4 


OC 

TS 


16 


J,N 


63LS240 
63LS241 


53LS240 
53LS241 



Pliv Gonfigurflftloiw" 



53/63LS140 
53/63LS141 





*6 




«] 












As 


At 






E 


*4 




B 






^ 256x4 








E 


Ao 




m 




E 


*1 


0, 






E 


Aj 


°3 






E 




04 


H 





Sa(63LS240 
53/63LS241 




Nlonollthlc [SlSn 
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53/63LSXXX 



Ab» 

Supply 
Input \ 
Off-sta 
Starag 

Ope 


plute Maximum Ratings _ 

vo.«ge.vfcc :^^*^.?i.^^*L.^^^y*Hr<..,^:^...v^ 

rating Conditions 


SYMBOL 


PARAMETER 


MILITARY 
MIN NOM MAX 


COMMERCIAL 
MIN NOM MAX 


UNIT 


VC( 




1 V. I.- -11 ■ 

Supply voltage . ' 


4.5 5 5.5 


4.75 5 5.25 


V 






Operating free-air temperature ^.^ 


-55 125 


75 


°c 




itrical CharactorlStlCS Over Operating CondMons 


SYM 


iOL 




TEST CONDITIONS <: n 


rtUlM TVtlt'UAir 
r-Wlin' ■ 1 Tf*f NIMA 




V 


L 


Low-level Input voltage 




U.o 


V 


V|H 


High-level input voltage , ^ ^ 


1 ... 


2 


V 


V|C 


Input clamp voltage 


Vcc = "^'N 'l = -18mA 


-1.5 


V 


l|L 




Low-level input current 


Vcc " '^'^ ^1 " 


-025 


mA 


>ll 


i 


High-level Input current 


Vcc = '^^'^ V, = Vcc MAX 


40 


tiA 


Vol 


Low-level output voltage 


Vcc = 

V|L = 0.8V 

V|H = 2V 


IqI_= 16mA 


MIL 


0.5 


V 


COM 


0.45 




DH 


High-level output voltage* 


Vcc = i^'N 

V|L = 0.8V 
V|H = 2V 


MIL Iqh = -2mA 


2.4 


V 


COM loH = -3.2mA 


'c 


ZL 


Off-state output current* 


Vcc " '^'^^ 

Hi-fi; V 


Vq = 0.4V 


-40 


M 


'c 


ZH 


, Vo = 2.4y ■ 


40 


M 


k 


EX 


Open collector output current 


Vcc ^ 


Vq = 2.4V 
Vq = 5.5V 


40 

100 






Ou'put short-circuit current ij* 


Vcc = 5V 


Vq = OV 


-20 -90 


mA 


l( 


)C 


Supply current 


Vcc " 
All inputs 
grounded. All 
outputs open. 


'LS140, 'LSMI 


'< 50 70 


mA 


— t 

'LS24Q 'LS241 


SO 70 


♦ Thiw 
*Not 1 
fTypic 


estate only. 

lore ttian one output should be shorted at a time and duration of the shott-eirottlt should not exceed one second, 
lis at 5.0V and 25° C T^^ 
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Switching Characteristics 

Over operating conditions 



DEVICE 
TYPE 


ADDRESS ACCESS TIME 


ENABLE ACCESS TIME 


lEn(ns) 
ENABLE RECOVERY TIME 


TYPt 


MAX 


TYP 


MAX 


TYP 


MAX 


63LS140/1 


38 


55 


12 


30 


20 


30 


63LS240/1 


44 


60 


16 


30 


15 


30 


53LS140/1 


38 


75 


12 


35 


20 


35 


53LS240/1 


44 


75 


16 


35 


21 


35 



tTypicals at 5.0V Vqq and 25° C Ty^ . 

Typical Iqq vs Temperature 



63LS141 
53LS141 



Typical T^ vs Temperature 



Icc-mA 50 



1 
































f 














5.5V 








= 5.25\ 


























-55 

















^/^/^-ns 50 



1 


























































'cc ± 


0% 








V( 


:C ±5"' 


J 








-55 

















-7S -SO -25 25 50 75 100 12S 
Ta -AMBIENT TEMPERATURE-°C 

63LS241 
53LS241 



-75 -50 -25 25 50 75 100 125 
Ta -AMBIENT TEMPERATURE-°C 



ICC"""* 5" 















































:c = « 


5V 






^CC 


= 5.25 


I—/ 
























-5s' 

















T^A-ns 50 









































'CO ± 


0% 














1 1 — 


















V( 












-55 

















-75 -50 -25 25 50 75 100 125 

To -AMBIENT TEMPERATURE-'C 



-75 -50 -25 25 50 75 100 125 

-AMBIENT TEMPERATURE-' C 
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sv 



: "1 

>30on 



OUTPUT O- 



>600I1 



-® tESf POINT 



' :s -. O 



Defiiiition of Waveforms 



Y" 

A 



Y 



•aa- 



Address Access Time 



Input pulse amplitude 3.0V 

Input rise and fall times 5ns from I.OV to 2.0V 

Measurements made at 1.5V 



— Y 
X 



\ 



I 



-•ea- 



Enable Access Time and Reeowery time 



High Performance Registered 
1024x4 PROM 

53/63RA441 



Features/ Benefits 

• Edge triggered "D" regiatera 

• Advanced Schottky processing 

• 4-bit-wide in 18 pin for high k>oard density 

• Lower system package counts 

• LAwer system power 

• Faster cycie times 

• 16mA Iq|_ output drive c^Mbllity 



Ordering information 



IVIEMORY 


PACKAGE 


DEVICE TYPE 


SiZE 


ORGANIZATION 


PINS 


TYPE 


MIL 


COM 


4K 


1024x4 


18 


J, N 


53RA441 


63RA441 



Applications 

• Pipelined microprogramming - — 

• State sequencers 

• Next address generation 

• Mapping PROM 

Description 

A family of registered PROMs offers new savings for designers 
of pipelined microprogrammable systems. Tfie wide Instruction 
register which holds the microinstruction during racecutton, is 
now incorporated into the PROM chip. 



Edge trlfiPNMt' lief r 

The PROM output is loaded into a 4-bit register on the rising 
edge of the clock. The use of the term "register" is to be distin- 
guished from the term "latch," in that a register contains master 
slave flip-flops and the latch contains gated flip-flops. The 
advantages of using a register are that system timing is 
simplified, and faster micro cycle times can be obtained. 

The output of the register Is buffered by three-state drivers 
which are compatible witti the new low-pewer Schottky three- 
state bus standard, ' .' ' 



Pin Conftguraltoff' 

53/63RA441 




3-41 



Supply voltage, Vqq . . . 

Input voltage 

Off-state output voltage 
Storage temperature . . . 



TV 

TV 

5.5V 

-65° to +150''C 



Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


V 


CC 


Supply voltage 


4.5 


5 


5.5 


4.75 


5 


5.25 


V 


*su 


Address set-up time 


60 


30 




50 


30 






th 


Address tiold time 





-10 







-10 








1/ 


Clock pulse width 


25 8 


20 


8 






T 


A 


Operating free-air temperature 


-55 




125 







75 









Eiectrical Characteristics over operating conditions 



SYI 


IBOL 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V 


L 


Low-level input voltage 




0.8 


V 


V 


H 


High-level input voltage 




.2 


V 


V 


C 


Input clamp voltage 




-1.5 


V 


ll 


. 


Low-level input current 


Vcc = MAX V| = 0.4V 


-0.25 


mA 


ll 


H 


High-level input current 


Vcc = MAX V| = Vcc 


40 


f^A 


V 


3L 


Low-level output voltage 


Vcc = MIN 

V|L = 0.8V 
V|H = 2V 


'OL " I61T1A 


0.5 


V 


V 


OH 


High-level output voltage 


Vcc = MIN 
V|L = 0.8V 
V|H = 2V 


MIL Iqh = -2mA 


2.4 


V 


COM (qh ^ -3.2mA 


'0 


)ZL 


Off-state output current 


Vcc = MAX 


Vq = 0.5V 


-40 


mA 


'OZH 


Vq = 2.4V 


40 


mA 


'os 


Output short-circuit current* 


Vcc = 5V 


Vq = OV 


-20 -90 


mA 




:c 


Supply current 


All inputs grounded 

Vpp = MAX 

All outputs open 


MIL 


120 175 


mA 


COM 


120 165 



* Not more than one output c;hou]d be shorted at a time and'dtiEation of :ttie short-circuit should not emeed one second. 

fTypicals at 5.0V V^^, and 25° C 

SvHitcliing Ctiaracteristics 

Ovei! Operating CondWons 



SYMBOL 


PARAMETER - 


MILITARY 
MIN TYPt MAX 


COMMERCIAL 
MIN TYPt MAX 


UNIT 




Clock to output acc( 


3ss time 


20 35 


20 30 




tEh/tEA 


Enable to output ac( 


:ess and recovery time 


19 35 


19 ■ 30 






- - » » ■ , 











53/63IIA441 



StlMKclfird Tf9t M>^ 



OUTPUT O- 



agon 



> H2 

Ssoon ^ 



-©TEST POINT 



;±^30pF 



Input PutSe Amplitude 3.0V 
Input Rise and Fall Times 5ns from 1.0V to 2.0V 
' Mo^rements made at 1.5V 



IMinition of Wmn^nms 



X 



"Y" 

7V 



CLOCK 



53/63RA441 



Registered PROMs Impact Computer 

Architecture 

by J ohn Birkner 

Pipelined Mieroprogrammabie Sy^ems 

Microprogrammed processors and controllers can generally be 
classlfl Bd as either pipelined or non-pipelined. The difference is 
demonstrated t)y the microcycle timing diagrams below: 



-MICROCYCLE- 



INSTRUCTION 
FETCH 



INSTRUCTION 
EXECUTION 



NON-PIPELINED 



Clearl), 
defineq 
than 
be as 
gain in 
look 
to 

oriented 
the raiio 
processor 



I the 



ahead 
brarches 



-MICROCYCLE - 



INSTRUCTION 
FETCH 



INSTRUCTION 
EXECUTION 



the benefit of pipelining is that the microcycie time is 
by the longer of either fetch or execution times, rather 
sum of both fetch and execution times. This gain can 
nuch as 2:1, if fetch and execution times are equal. The 
cycle time is, of course, lost when a branch requires the 
fetch to be discarded. The ratio of sequential fetches 
varies according to application. In heavily decision- 
applications, the ratio may be as low as 3:1. Typically, 
is 5:1. An exarnpie of a pipelined micrciprogramtned 
is shown in Figure 1. 



err 

SUCE 





INSTR 
REGISTER 






OPERAND 



MAPPING 
PROM 



SEOUENCER 



y\ BRANCH 



MICRO 
PROGRAM 
PROM 



REGISTER 



Benefits 

Advantages of registered PROMs in pipelined microprogram- 
mable systems ate: 

• tower pas^sage counts 

1- 

• i&mr pMMNir eonsumption 
^ F^er i^le tiniM 

In a benchmark system requiring a control store of 64 bits by 
;^1^4 or 2048 words, ih^e benefits are equated to: 

• t exlBrnal register package savings 

• Over 1 amp max Ice reduction (compared to Solwttky 
registers) 

• 280mA max Ice reduction (compared to low power 
Schottky registers) 



MICROCONTROLS 



llgure 1. Pipelined Mleroprogrammed Preeeaor 



lefiMers) 



(me Ceomparad lo low power Se^iottky 



^uctufed Logic 

The registered PROM is a structured logic primitive which, along 
with other primitives, can be used as building blocks to define a 
variety of processor an#iii1tr®fl#' arcMtectiares.'<- ■ - : - - .' ' 

The mo^ t>asic architecture is formed by feeding the outputs of 
a registered PROM back to the address Inputs. 

This State machine can sequence from one Step to the next as a 
functior) of present .^te and test inputs. 



TEST 
INPUTS 









SEQUENCE 
PROM 

REGISTER 




<> 



CONTROL 
OUTPUTS 



Figure 2. State Sequencer 
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A powerful microprogram sequencer can be constructed from 
registered PROMs, as shown in Figure 3. The Next Address 
PROM provides the normal sequence while the Branch Address ' 
PROM provides instant availability of an alternate sequence 
when the branch condition is satisfied. The Return Jump' RAM 
provides a* mtcrdsuKtHitWfe capability: 

An 8-blt microprogrammed computer c||n ^constructed. Figure 
4, using as little as 30 ICs. A lODhsec niicrocycle Is ^ily achiev- 



able. Instruction decode is accomplished t)y direct vector from 
8;^ rpacro instruction Into micrci^ape. P^r^/^M CQntrpt 
signals RAS, CAS and WRITE afe'iiii<iet'dil«ct'<(^oprogram 
control. 

^.Jt«^it eomputer. Figure 4, is a particularly good example Qf 
how the registered PROM takes Its place among RAMs, regis- 
ters and buffers as a basic buildlng.blp(^k,iii high performance . 
microprogrammable systems. ■ ' • .t 



MICRO ADDRESS 



If 



NEXT 
ADDRESS 
PROM 



REGISTER 



IE 



BRANCH 
ADDRESS 
PROM 



MICRO 
CONTROL 
PROM 



VECTOR 



REGISTER 

RETURN 
JUMP 
RAM 
|9«tO) 



MICRO- " 



71 

MICRO 
IMMEDIATE 



■ Vv 



INPUTS 



Figure 3. Mieroprogmm Sequencer 

OUTPUTS 




ENABLE 
ft 

CLOCK CONTROLS 



Figure 4. S-BR Computer 
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Device Description 

All of the High Performance Generic Ti-W PROM Families 
are manufactured with all outputs low In all storage locations. 
To produce a high at a particular word, a Titanium-Tungsten 
Fusible-Link must be changed from a low resistance- to a high 
resistance. This procedure is called programming. 



Programming Sequence 

The sequence of programming conditions is critical and must 
occur in the following order: 

1. Select the appropriate address with chip disabled 

2. Increase Vqc t° programming voltage 

3. Increase appropriate output voltage to programming voltage 

4. Enable chip for programming pulse width 

5. Decrease Vqut and Vcc 'o normal levels 



Programming Description 

To program a particular bit normal TTL levels are applied to all 
inputs. Programming occurs when; 
1 • Vcc is raised to an elevated level. 

2. The output to be programmed lst£(lsed to an elevated level. 

3. The device is enabled. 

In order to avoid misprogramming the PROM only one output at 
at time is to be programmed. Outputs not being programmed 
should be leftopenorconnectBdto Vqq (4.2v to 6.2v) via SK n 
resistors. 



Programming Timtiig 

In order to insure the proper sequence, a delay of 100ns or 
greater must be allowed between steps. The enabling pulse 
must not occur less than 100ns after the output voltage reaches 
programming level. The rise time of the voltage on Vcc arid the 
ou^ut must be between 1 and 10 V//us. 



Programming Parameters 

Do not test these parameters or you may program the device. 



SYMBOL 


PARAMETER 


MIN 


RECOMMENDED 
VALUE 


MAX 


UNIT 


VCCP 


Required Vcc programming 


10.5 


11.0 


11.5 


V 


vb^ 


Ftequired butjjiit voltage for programmifig 


10.5 


11.0 




V 


tR 


Rise time of Vcc °' Vqut 


1.0 


5.0 


10.0 




ICCP 


Current limit of VccP supply 


800 


1000 




mA 


lOP 


Current limit of Vqp supply 


15 


20 




mA 


tpvy 


Programming pulse width (enabled) 


9 


10 


11 




vc 




Low Vcc 'o'' verification 


4.2 


4.3 


4.4 


V 


vc 


: 


High Vcc 'or verification 


5.8 


6.0 


6.2 


V 


Md 


c 


Maximum duty cycle of VccP 




25 


25 


% 


tD 




Delay time between programming ste0s 


100 


120 




ns 






input low level 








0.5 


V 


V|H 

1 1 




Input Ngh level 


2.4 


3.0 


5.5 


V 



Ti-W PROM Programming Instructions 



Verification 

After each programming pulse verification of the programmed 
bit should be made with both low and high Vcc- The loading of 
the output is not critical and any loading within the DC spec- 
ifications of the part is satisfactory. 



Additional Pulses 

Up to 10 programming pulses should be applied until verification 
indicates that the bit \as programmed. After verification an addi- 
tional 5 programming pulses must be applied to insure the 
reliability of the programmed bit. 



Board Level Programming 

Board level programming is easily accomplished since only an 
enabled PROM is programmed. At the board level only the de- 
sired PROM and output should be enabled. 



Programming Waveforms 




Programming Registered PROMs 

The registered PROM is programmed in tfie same manner i 
standard PROMs. 



NOTE: Programming pulse Ipw is applied for 5 additional pulses 
after verification indicates a bit is blown 

Figure 1. 



Commercial Programmers 

Monolithic Memories PROMs are designed and tested to 
give a programming yield greater than 95%. If your 
programming yield is lower, check your programmer. It 
may not be properly calibrated. (See figure 1) 

Programming is final manufacturing— it must be quality- 
controlled. Equipment must be calibrated as a regular 



routine, ideally under the actual conditions of use. Each 
time a new board or a new programming module is 
inserted, the whole system should be checked. Both 
timing and voltages must meet publislied specifications 
for the device. 

Remember — The beat PROMs available can be made 
uiwalbMe by Impropw programming taohniquai. 



PART NUMBER 










SOCKET ADAPTER 


MILITARY 


COMMERCIAL 


SIZE 


CONFIGURATION 


OUTPUT 


NO. OF PINS 


DATA I/O 
(ALL SERIES)* 


PRO-LOG 
(SERIES 90, 92)t 


53S140 
53S141 


63S140 
638141 


IK 


256x4 


OC 

ts 


16 


715-1035-1 


PA16-1 


53LS140 

53LS141 


63LS140 

63LS141 


IK 


256x4 


OC 
TS 


16 


715-1035-1 


PA16-1 


53S240 
53S241 


63S240 
63S241 


2K 


512x4 


OC 
TS 


16 


715-1035-2 


PA16-1 


53LS240 
53LS241 


63LS240 
63LS241 


2K 


512x4 


OC 
TS 


16 


715-1035-2 


PA16-1 


53RA441 


63RA441 


4K 


1024x4 


TS 


18 


715-1435 


PA18-5 



♦ Program card set is 909-1515-1 for all series DATA/I/O 

t Personatity module is PM9066 for all PRO-LOG (series 90. 92) 
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Generic ROM Family 

52/62XX-1 52/62XX-2 



Of-.. 



Features/ Benefits 

1 

• High bit density up to 16K 

• PNP Inputs (or low Input cun«nt 

• Hlgn speed Scliotlky teclmdogy 

• Open collector or ttiiee stale outputs 

Applications 

• Character generator 

• Microprocessor program store — 

• Microprogram store 



Description 

The 52/6200 series generic ROM family is available in sizes from 
8K through 16K bits. The 8-bit-wide ROMs are available as IKxB 
and 2Kx8 organization. Additional 9-bit and 10-bit-wide output 
configurations are available for custom logic or character 
generator applications. 



• Ran 

• Co« 

Gen( 


dom logic . . 
e converter 

eric ROIM Selection Guide 




MEMORY 


PACKAGE 


DEVICE TYPE 




SIZE 


ORGANIZATION. 


COMMERCIAL 


MILITARY 




- ,• 




• ' OC 
TS 


J24 


F24 


6280-1 


5280-1 


8192 




F24 


6281-1 


5281-1 


1024x8 


OC 
TS 


F4-24 


6280-2 


5280-2 


F4-24 


6281-2 


5281-2 




OC 
TS 




F24 


6282-1 


5282-1 


F24 


6283-1 


5283-1 




9216 


1024X9 


OC 
TS 


J24 


6260- 1 

6261- 1 


5260- 1 

5261- 1 




10240 


1024x10 


OC 
TS 


J24 


6255- 1 

6256- 1 


5255- 1 

5256- 1 




10368 


1152x9 


OC 
TS 


J24 


6290* 
6291* 


5290* 
5291 * 




16384 


2048x8 


OC 

TS 


J24 


6275- 1 

6276- 1 


5275- 1 

5276- 1 


♦Detail 


!d information in section 5 (ctiaracter generators) 

. - - ' _ ,. 



Monolithic 

lies E^l Arques Avenue, Sunnyvale, CA 94086 Tel: (408) 739-3S3S Vmk 910-339-9229 Memories 
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52/62XX-1 52/62XX-2 



Pin Cpiifigurations 



52/6280-1 


52/6280-2 


* 52/6282-1 






52/6260-1 






52/6281-1 


52/6281-2 


*52/6283-1 






D^D I I 






LL 


A? 






?a ... 


E 


A7 




Vcc 


El 


rr 
Li 


A6 




As 




E 


A6 




As 


23] 


rr 
U. 


As 




< 

As 


IS 




.*s , 




*9 


Sj 


FT 
LI 


Ari 
"4 




^1 




-E 


*4 






E 


E 


*3 




Ej 


20] 


E 


A3 






20] 


E 


A2 


1024x8 


E3 


m 


E 


A2 


1024x9 


E3 


19] 


E 


A, 




E4 


m 


. ... E 










E 


AO 




o» 




E 


Ao 




08 


a 


E 


0, 




Or 


1 


E 


Ol 




O7 


ID 


E 


02 




06 




E 


O2 




06 


m 


E 


03 




Os 


E 


E 


O3 




05 




E 


GND 








E 


QND 




O4 




*'*Ofl'' ENABtE = E1 E2 + E3 €4 













52/6275-1 
52/6276-1 



E 


A7 


— v-» 

Vets 


E 


E 


A6 


, As 


a] 


E 


A5 


Ag 




E 


A4 


A10 


13 


E 


A3 


ii 




E 


A2 


2048x8 ^2 




E 


A, 


E3 


33 


E 


Ao 


OS 


13 


E 


Ol 


07 


jB 


E 


O2 


06 


1 


E 


O3 


O5 


ni 


E 


QND 


0* 


i 



52/^5-1 
^^56-1 



E 


A7 


X-r— ■ 1 

vcc 


E 


E 


As 


As 


E 


E 


A5 


A9 


22] 


E 


A4 


£^ 


ID 


E 


A3 


Ei 




E 


A2 


1024x10 


13 


E 


Ar| 


09 


ni 


E 


Ao 


08 


13 


E 


O1 


O7 


E 


E 


O2 


06 


E 


E 


O3 


O5 


E 


1 




O4 


E 



Abi 

SuppI 
Input 
Off-sti 
Stora; 

Ofie 


olute Maximum Ratings ,i -<■■:>( ^11. mint r> <-«(«) 

rVoltage,V^ TV 

i/oltage TV 

te output voltage 5.SV 

le temperature ; ;^ ;. . . . Oi';;'. v.>^ to +150"C 

rating Conditions " - " 


8YMI 


lOL 


PARAMETER 


MILITARY 
MIN NOM MAX 


COMMERCIAL 
MIN NOM MAX 


UNIT 


VC( 




Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 


'A 




Operating free^ir temperature 


T^. 125 


75 


°c 


Ele< 


Strlcai CliaracteriStiCS Ov«^ Opeiallng conditions ^ 


SYM 


BOL 


PARAMETER 


TE8TCONOITIONS : 


MIN TYP MAX 


UNIT 






Low-level input voltage 




0.8 


V 




H 


High-level Input voltage 




2 


V 


V| 




Input clamp voltage 


Vcc " MIN l| = -18mA 


-1.5 


V 






Low-level input current 


Vcc " MAX V| = 0.45V . 


-0.25 


mA 


'ih 


i 


High-level input current 


Vcc = MAX V| = 2.4V ' " ' •' - 


^ 40 


ma 


h 




Maximum input current 


Vcc = MAX V| = 5.SV 


1.0 


mA 




)L 


Low-level output voltage 


Vcc " MIN 
V|L = 0.8V 
V|H = 2V 


MIL Iql = 8mA 


'75, '76, '80, 
'81, '82, '83 


0.5 


V 


COM Iql = ^OmA, 


MIL , - . 

loL = 6mA 
COM " 


'55, '56, 
'60, '61 ' 


V( 


)H 


High-level eu^t^yeitage 


Vcc " MIN 

V|L = 0.8V 
V|H = 2V 


t. . . l.v 

MIL Iqh = -■''"A 


2.4 


V 


COM loH = -2mA 


'OZL 


Off-state output current 


Vcc = MAX 

Vq = 0.5V 


■80, '81, '82, '83, '55, '56, '60, '61 


-50 


.A 


75. 76 


-100 


'OZH 


Vcc = MAX 

Vq = 2.4V 


■80, 81. '82, '83, '55, '56, '60, '61 


50 


fA 


■75, '76 


100 




iEX 


Open collector output current 


Vcc " MAX Vo = 2.4V 


100 


uA 


lo 


s 


Outjsut shor^j«etincCurrent 


' Vcc = 5.0V Vq • OV !' 


-20 -90 


mA 




z 


Supply current 


Vcc = MAX, 
All inputs 
grounded 
All outputs 
open 


■55, W 


165 


mA 


'56, '61 


175 


'82 '83 


113 155 


'80, '81 


113 155 


75. '76 


190 



52/62XX-1 52/S2XX-2 



Switching Ciiaracteristics 



Over Operating Conditions 





»AA ("*) 


«EA ("S) 


*ER ("*) 


CONDITIONS 


DEVICE TYPE 


ADDRESS ACCESS TIME 


ENABLE ACCESS TIME 


ENABLE RECOVERY TIME 


(See standard test load) 




MAX 


MAX 


MAX 


Rin 


R2n 


6255-1, 6256-1 


100 


70 


40 






5255-1 5256-1 


150 


80 


45 


750 


1500 


6260-1, 6261-1 


100 


70 


40 


5260-1. 5261-1 


150 


80 


45 






6275-1. 6276-1 


110 


40 


40 






5275-1, 5276-1 


120 


50 


50 






6280-1, 6281-1 
5280-1. 5281-1 


80 
140 


70 
90 


45 
50 


560 


1110 


6282-1, 6283-1 


80 


70 


4S 






5282-1, 5283-1 


140 


90 


50 







OUTPUT O- 



Input Pulse Amplitude 

Input Rise and Fall Times 5ns from 1.0V to 2.0V 
Measurements made at 1.5V 



-0TEST peH«T 



"2 iaopF 



Dvflnition of Waveforms 




A dd w s a Ace eei Time 



-•BA— ^ |*r«BR-» 

AeceM Tbne and Recowary Thne 
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HI REL 



2 



PROM 



ROM 



Character Generators 



HAL 



FIFO 



Arithmetic Elements and Logic 



9 



ID 



Octal Interfi 



Die 



General Information 



Representatives/DI 



3rs 



13 



14 



15 



16 



r.- V 
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High Speed 
Character Generators 



Features/ Benefits 

• 100 ns rnax. access time ; 

• Low power dissipation — 500 mW 

• Standard paclcaging— 18 pin dlp/24 pln 'dl|} 

• Single 5 voH supply 

• 64/128 characters in one pacicage 

• Open collector or ttiree^le 

Character Generator Selection Qtflde 



Appiications 

• Printing calculators 

• LED arrays 

• lypesettlng - 

Description 

The intended application for these devices is the generation of 
64 or 128 ASCII alpha-numeric characters utilizing a read out 
system which generates the characters either horizontally or 
vertically, one word line at a time. 



GENERIC 


CHARACTERS 


MATRIX 


SCAN 


COMMERCIAL 


MILITARY 


PKG 


PART NO. 


NO. 


TYPE 


OC 


TS 


OC 


TS 


6055 






5x7 


Row 


6055 


6155 


5055 


5155 


J18 


60561 


64 


ASCII 


5x7 


Column 


6056 


6156 


* 


* 


J24 


6071 






7x9 


Row 


6071 


6171 


* 


* 


J24 


6061 t 






5x7 


Row 


6061 


6161 


* 


* 




6062 1 


126 


ASCII 


5x7 


Column 


6062 


6162 


* 


* 


J24 


6072 






7x9 


Row 


6072 


6172 


* 


* 




6290 
6292 


126 


Custom 


7x9 
9*9 


Row 
Row/Column 


6290 
6292 


6291 
6293 


5290 
5292 


5291 
5293 


J24 



* For military versions of these Character Generators <;orftact the.fectory. 
t "OR" enable = gi E2 + E3 E4 



Pin Configuratiorts 



tl 


At 


vcc 


ID 


E 


— 

A7 


Vcc 


El 


E 


A7. 




Vcc 


E 


E 


»0 




Vcc 


El 


E 


Ae 


As 




E 


A6 


As 


m 


E 


As 




As 


23] 


E 






Al 


23] 


E 


As 


e5 


B 


E 


As 


NC 


E 


E 


As 




A9 


22] 


E 


A9 




A2 


E 


E 


A4 




Tb] 


E 


A4 


El 


E 


E 


A4 






in 


E 


A« 




A3 


E 


E 


A3 


BOSS 

01 


E 


E 


A3 


ij 




E 


A3 


ma 






E 


Ar 




e; 


20] 


E 
E 


Ao 
A1 


Oj 
03 


1 

m 


E 
E 


eos6 

Al 


E3 
E4 


E 
E 


E 
E 


A2 
A1 


E3 
E4 


ID 
ID 


E 
E 


As 

As 


(«071) 
6072 


Ei 
NC 


ID 
ID 


E 


A2 


Ot 


u 


E 


AO 


NC 


E 


E 


Ao 




NC 


3 


E 


A4 




NC 


ID 


E 


GND 


Os 


ID 


E 


Ol 


07 


E 


E 


Ol 






ID 


E 


0, 




07 


ID 










E 


02 


06 


E 


E 


02 




(NC)0, 


ID 


E 


O2 




Os 


ID 










E 


03 


05 


E 


E 


03 




05 


ID 


E 


03 




05 


ID 










E 


GND 


O4 


E 


E 


GNO 




04 


ID 


E 


GND 




04 


ID 



1tSKEaftAiqueeA«MMierSuniVMle,CAJ(IOK Iel:,(40a» J»r»jS . TlWfcJIIH»MM» 
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High Speed Character Generators 

Off-state output voltage 5.5V 

Storage temperature -65°to+150°C 



Operating Cor: 



SVMI 




PARAMETER 


MILITARY 
MIN NOM MAX 


COMMERCIAL 
MIN NOM MAX 


UNIT 


VC( 




»i JI-. ... = 
Supply voltage , 


4.5 5 5.5 


4.75 5 5.25 


V 






Operating free-air temperature 


125 


75 


°c 



Electrical Characteristics Over Operating Conditions 



SYMB 


OL 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 




Low-level input voltage 




0.8 


V 






High-level Input voltage 




2 




Vir 




Input clamp voltage 


Vcc = MIN l| = -18mA 


-1.5 


V 


l|L 




Low-level Input current 


Vcc = MAX V| = 0.45V 


-0.25 


mA 


l|H 




High-level input current 


Vcc = MAX V| = 2.4V 


40 


AiA 


l| 




Maximum input current 


Vcc = MAX V| = 5.5V 


1 


mA 


Vq 


L 


Low-level output voltage 


Vcc = MIN 
V|L = 0.8V 
V,H = 2V 


MIL Iql = 8mA 


'55, '56, 
■61, '62 


0.5 


V 


COM Iql = 10mA 


Iql " 6mA 


'71. 72 


vo 




High-level output voltage 


Vcc " MIN 
V|L = 0.8V 
V|H = 2V 


MIL Iqh = -tmA 


Z4 


V 


COM ioH = -2mA 


: 'o2 


L 


Off-state output current 


Vcc = MAX 
Vq = 0.5V 


•55. '56, '61, 62 


-50 


fjA 


'71, '72 


-100 




H 


Vcc = MAX 
Vq = 2.4V 


'55, '56, '61, '62 


50 


^A 


'71 , '72 


100 


' 'CE 




Open collector output current 


Vcc = MAX Vq = 2.4V 


100 


M 


lOE 




Output short-circuit current 


Vcc = 5V Vq = OV 


-20 -90 


mA 


Ice 


- 


Supply current 


Vcc = MAX 
All inputs 
grounded 
All outputs open 


Open collector 


170 


mA 


Three state 


180 
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High Speed Character Generators 



Switching Characteristics 

Over Operating Condllions 



DEVICE 
TYPE 


tAA(ns) 
ADDRESS ACCESS 
TIME 


tEA(ns) 
ENABLE ACCESS 
TIME 


tER(ns) 
ENABLE RECOVERY 
TIME 


CONDITIONS 
(See standard 
test load) 


MAX 


MAX 


MAX 


R1!l 


R2a 


6X55.6X56,6X61.6X62 


100 


70 


45 


560 


1100 


5065 


. 5155 


175 


90 


60 


6X71 


6X72 


126 


75 


•j. ^ 


c 750 


1500 



Standard Test i.oad 



J' 



-® TEST POINT 



Input Pulse Amplitude 3.0V 

Input Rise and Fall Times 5ns from 1.0V to 2.0V 

Measurements Made at 1.SV 



Dsflnitlon of Wavefor ms 



. X 



A 



1 



/ 



-lEA- 



•-•er-» 



AddmM *ce^ TKM 



EiMliiiik MSm»yUn» and Recovery Time 



Character iteilerat^ 



64 ASPU. Qharacters 

Row Scan 6055, 6071 
Column Scan 6056 



Tabulation by Octal Select-Code ^ 

... 128 ASCII ChBIWBtelt 

,. j Row Scan 6061, 6072 

Column Scan 6062 








1 


2 


3 


4 


5 


6 


7 





@ 


A 


B 


C 


D 


E 


F 


G 


10 


H 


1 


J 


K 


L 


M 


N 


O 


20 


P. 


Q 


R 


S 


T 


U 


V 


W . 


30 


X 


Y 


Z 


[ 


\ 


] 


t 




40 




I 


tt 


# 


$ 


% 


& 


§ 


50 


( 


) 


* 


+ 








1 


60 





1 


2 


3 


4 


5 


6 


7 


70 


8 


9 




> 


< 




> 


? 



Example: 

Tfhe Character $ Is addressed by the octal code 44 










2 


3 


4 


R e 
3 b 


•f 

i 


Q 


A A A A A 


A A 


A 


in 


A A A A A 


A A 


A 




A A.A 


A A 


A 




A A A A A 


A A 


A 


ATX 




! 


It 


# 


$ 


■V/i A 
TrO a 


¥ 




( 


) 


* 


+ 


1 




1 
1 


cn 
DU 





1 


2 


3 


4 


^ A 
9 O 


7 


70 


8 


9 




1 


< 


= > 


? 


100 


@ 


A 


B 


C 


D 


E F 


G 


110 


H 


1 


J 


K 


L 


M N 





120 


P 


Q 


R 


S 


T 


U V 


W 


130 


X 


Y 


Z 


[ 


\ 


] t 




140 




a 


b 


c 


d 


e f 


9 


150 


h 


1 


i 


k 


1 


m n 





160 


P 


q 


r 


s 


t 


U V 


w 


170 


X 


y 


z 


I- 


1 


1 ~ 


A 



A This ASCII code represents a corrtrol eharacter. 
For the corresponding display character see the detailed data sheet 



Generation of the letter "F* 



Using Column Scan 



A 

CHARACItER SELECT: ROW 
ASCII CqPE FOR -F- NUMBER 

*9 *8*7 :*6 *5 *4 *3 ^2 ^1 

- 



COLUMN-SCAN 
.CHARACTER 
GENERATOR 



Oil □ ■ ■ 

02DBD 

03 □ ■ □ 
M □ ■ ■ 
05 □ ■ □ 
«□■□ 

mnun 

COLUMN: 1 2 



■ ■ # 

□ □□ 

□ □ □ 
■ ■ □ 

□ □ □ 

□ □□ 

□ □ □ 
3 4 5 



Using Row Scan 



A 



CHARACTER SELSlST: SOVUMN. 
ASCII CODE FOR f NUMBER 

*» AgAy Ag A5 A4 A3 A2 Af Aq 
1000110000 



NUMBE R T T T T T 



ROW-SCAN 
CHARWT6I1 
OENERATOII 



OS 04 03 02 01 

□ □ □ □ □ 

1 ■ ■ ■ ■ ■ 

2 ■ □ □ □ □ 

3 ■□nan 
* ■ ■ ■ ■ □ 

e ■ □□□□ 



5x7 Character Font 50/6055 51/S155 



A "Filled In " Square Represents a Low Memory Output 



ASCII 




AAA 

5 4 3 
















INPUT 







1 


10 


Oil 


10 


10 1 


110 


11-1 


ADDRESS 






















0504030201 
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□ □ B □ □ 


p p p p p 


a a a a a 


p p a p a 


p a p p p 


a G a p a 


P P P G G 
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P P P □ □ 


P P P □ P 
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□ □ B □ □ 


G a a a p 


a a a a a 


Q p p a 


a a a a a 


B-am-m m 


a a a a a 








02 ■ □ □ □ ■ 


□ B B □ □ 


a p p p a 


□ p p p a 


p p a a p 


a p p p p 


G a G G G 


p p G G a 








03 ■ □ □ ■ ■ 


□ □ B □ □ 


p p G p a 


p p p a p 


p a p a G 


a a a a p 


B G G G G 


G G p p a 


1 







04 ■ □ ■ □ ■ 


□ D B □ □ 


p a a a p 


G p a a p 


a G G a p 


p p p p a 


B B B a G 


p p p a p 








05 ■ ■ □ □ ■ 


d d B d d 


a d d d G 


G p p p a 


a B a a a 


G G G a 


a G d d a 


G □ B G G 








o«B a a am 


□ d B-C1C3 


a □ Q: □ □ 


a □ d d a 


□ □ d a-d 


a DO d a 




d a d d □ 








OyD'aa^a □ 


da*aa d 


arwB'a.a 


□ava □ 


B'aG 


□ WW d 


awm ma 


a a d d d 




i 




□ □ □ □ □ 


□ □ □ □ d 


dO d £3'd 


P P P P G 


G Q P P G 


P P G G P 


G G P P P 


p p p p p 




1 




Oi □ ■ ■ ■ □ 


□ B B B □ 


G G G G G 


P P P G P 


p p p a G 


G P P P P 


p a G p p 


G a a a G 








02 ■ □ □ □ ■ 


B □ □ □ B 


P P P P P 


P P Q P P 


G p a p p 


P P P P P 


G G a G G 


a G G G a 


1 


1 


1 


03 ■ □ □ □ ■ 


B □ □ □ B 


p p a p p 


P G a P G 


p a p G G 


a a a a a 


p p p a p 


G G G G a 


O4 □ ■ ■ ■ □ 


□ B B B B 


P G P P G 


P P P P P 


a P G G G 


P G P P P 


G P P P B 


G G a a d 








O5 ■ □ □ □ ■ 


□ □ □ □ B 


G G B G G 


p p a p p 


d a d d d 


a a B a B 


d d p a d 


G G a G G 








Og ■ □ □ □ ■ 


d □ □ B □ 


G G d d G 


P G a G G 


d d a d d 


d d d d d 


d d a d d 


P d G G d 








OjD a a a □ 


B a B d d 


d □ d O d 


P B d □ □ 


□ a B □ 


D aa d d 


amaan 


d d a d d 




1 - 



7x9 Character Font 607 1 6171 



A "Filled In" Square R«presenta a Low Memory Output 



ASCII 
INPUT 
ADDRESS 


Ae A5 A4 
000 


1 


1 


1 1 


1 


1 1 


1 1 


1 1 1 


Ag Ag 



A? 



070,050403020, 

n ■ n n M n ■ 

U ■ LJ LJ l_J LJ ■ 


070,0,0403020, 
□□□■□□□ 
□□■□■□□ 

□■□□□■D 

■ DD DO ■ 
■□□□DD^ 
■■■■■■■ 

■□□DDGB 

■ n n n n n ■ 

■ LJ l_l LJ LJ LJ ■ 

BDDDDDB 


070,050403020, 

BBBBBGG 

□BGGGBG 
GBGGGGB 
OBGGGBG 
OBBBBGG 
□BGGGBG 
□BGOGQB 
n ■ n n n ■ n 

LJ ■ LJ LJ LJ ■ LJ 

BBBBBGG 


070,0,0403020, 

□GBBBBG 

OBGnGGB 

a G G 

BODGGG^ 
BGGGGOD 
a G □□ G G G 
■GGGOGG 
n SI n n n n ■ 

[_] ■ LJ Ui t-l 1_1 ■ 

□GBBBBG 


070,0,0403020, 

BBBBBOn 

□BDOGBO 
GBGGGGB 
GBGOOOB 
□BGOOGB 
GBGOOGB 
GBG^^GB 
n ■ n n n ■ n 

U ■ LJ LJ LJ M LJ 

BBBBBGa 


070,0,0403020, 

BBBBBBB 

BDdGGGG 
BOODGDG 
BGGQGGG 
BBBBBGG 
BGGGGOD 
BODGGOG 
B G G G D D D 
BBBBBBB 


070,0,0403020, 

BBBBBBB 

BOOOGGG 
BGOGGGG 
BGGOGGD 
BBBBBGG 

BGOGGGG 
BOQGDGG 

■ n n n n n n 

■ LJ LJ LJ LJ LJ LJ 

■OGGGGD 


070,0,0403020, 
GGBBBBG 
DBGGOGB 
BOGOGOO 
BOGGGOO 
BOOOGGG 
BOOGBBB 
■□GOOOB 
■ □ □ ■ ■ 
GOBBBOB 





1 


■■■■■■■ 


□□BBBDD 

□□□BODD 
□□□BODD 
□□□BDGD 
□ DDBGOG 
GGGBGGG 
GGOBGGG 
G □ G B G G G 
GGBBBGG 


GOOGGGB 
GOOGGOB 
ODDDGGB 
DOGGGGB 
GGGGGGB 
GGGGDGB 
BGGGGGB 
GB G GOBG 
GGBBBGG 


BGGDGOB 
BOOGGBO 
BOOGBOO 
BOGBGGG 
BQBGGnO 
BBGBDGG 
BGOGBGG 
BDDOGBG 
BGGGGOB 


aGGGOGO 
BGOOOOO 

aaooooo 

BGOGGGO 
BGDGGGG 
BGGGDGa 
BDDGGGD 
BGDGGGG 
BBBBBBB 


BGGGGGB 
BOOOGOa 

a a GO OB B 

BOBOBGB 
BGGBOGB 
BGGBGGB 
BGGBGGB 

BGGGDDB 
BGGGGGB 


BGGGGGB 
BGGGGGB 
BBGOnDB 
BDBGGGB 
BGGBGOB 
BGGOBOB 
BGGGGBB 
BGGOGOB 
BGGGGGB 


OOBBBGG 

GBGOOBO 
BGGGOGB 
BGGDDGB 
■□GOOOB 
■□□□□OB 
■□□□□□B 
□■□□□B^ 
OOBBBGG 


1 





□□□ ■ 

■ □ □□ □ □□ 


OOBBBGG 

a G B □ 
a □ □ □ □ □ a 
a □ □ □ □ □ a 
B^^^a^a 

BGGBOGB 
BO GO BOB 

G a G G a 
□ a a a □ a 


BBBBBBG 

BGGGGGB 
BGGGGGB 
BGGGGGB 
BBBBBBG 

BGGBGGO 

BG D a 
a D D D D a 
a □ □ □ □ □ a 


GGBBBBG 

G a a 

a D 
a □ n □ □ □ 
□ □ a ■ a □ □ 
□ □□ □ □ a □ 
□□□□□□a 
a □ D □ □ a D 

□BBBBGD 


BBBBBBB 

BGGBOGB 

OOGBGGO 
OOGBGGO 
□□□BDDG 

□ □ G a GO G 
GGGBOGG 
G G B G G D 

□ G OB D □ 


BGGGGGB 
BGGGGGB 

aaoGGOB 

BODGGGB 
BGGGGGB 
BGGGGGB 
BGGGGGB 
OBGGDBG 
GDBBBG^ 


B D D □ a 
B □ □ a 

BDD^DDB 
GBDDGBO 
GBGGGBO 
GBGDDBG 
GGBGBDD 
G G B a G 
□ GG a D □ 


BOGGDOB 
BDGGDDB 
■□GGOOB 
■^□□□□B 
BOOBOOB 
■GOBOOB 
BOOBOOB 
BOBOBOB 
GBDDDBD 


1 


1 


■ □ □ D Q ■ 

■□□□□□a 

D □ ■ □ □ □ 


BG □ □ □ □ a 
a GO □ □ □ a 
G a □ G o a G 

OOBGBOO 

GGGBGDO 
□OGBODO 
□GOBGGO 
D □ □ B □ D □ 

□ □□a □□ 


BBBBBBB 

□□nOODB 

G G G a 

G GG G a □□ 
GGOBGGG 
GOBOGOO 
G B G G G 

a G 


aaaaaaa 

BBQDOO^ 

a a □ D □ □ □ 
a a D □ □ □ □ 
a B □ □ □ □ □ 

B a □ □□ D D 
BBDDDDD 

a a □ □ □ 


□□□□□no 
a □ □ a □ □ □ 
D a D D 
D a D D 

D D a DD 
GGOOBOG 
GGOOOBG 
G □ □ □ G a 

□□□□□□□ 


□ □ 00 BB 

□ □ □ □ □ a a 

□ □ □ □ □ a a 

□ D □ □ □ a B 

□□□□DBB 
□□DDOBB 

G D D a a 


□□□□□□□ 
□□□□GOD 
□ D D D 
DODBDDO 
DOBGBGD 
□BGGGBG 
BGOGGOB 
□□□□□□□ 

□ D □ □ □ on 


DD D 
D D 
GOOOOOO 
DOGOOOG 
DDDGDDD 
GOGGGGO 
GOGGGGO 
G G D D D D D 


1 





□□□□□□□ 
□□□□□□□ 

□□□□□□□ 
□□□□□□□ 
□□□□□□□ 

□□□□□□□ 


□ □a □ □ □ 
□□ □ a □□ □ 
□ a 00 

DO B DO 

D D a 00 D 

□ODBDOO 

OD 

c n □ □ □ □ 
□ c □ a □□ □ 


a a 

OBOOBOO 

a a 

a D OB □ □ 

□□□□□□□ 

□ D □ DD □ 

□□□□□□□ 

□ n c □ □ □ D 

□ c c □ □ no 


□□■□■□□ 
□□■□■□□ 
■■■■■■■ 
□□■□■□□ 
□□■□■□□ 
□□■□■□ 
■■■■■■■ 
□□■□■□□ 

D □ ■□ ■ D D 


□ □a OB 00 

□ a BBBB a 

B^BOB^^ 

a na □ a □ □ 

□ a BB a a □ 

□□BOBGB 

□ DBGB GB 
BBBBBBB 

GO BG a 


□ a □ □ □ □ □ 
a^a^ODB 

□ a □ □ □ a □ 

□□□□BDD 
□ODBDOO 

a D □□ □ 
□ B^ □□ a □ 
B □ □ D a D a 

DODGOBD 


□aa^ooD 
B oa D G 
a B D 
D a a OD □ 

OBBDDOD 

a D D a D a D 
a D a a □ 
a □ □ □ a □ 
□ a a a a c a 


D D D BB D 
DDDBBOD 
DOOBGDO 
DDBDOOO 

D D □□ D D 
□□□□□□□ 

□□□□□□□ 

□□□□□□□ 
C U L^- U U □ 


1 


1 


□DO □■ □ □ 
□□□■OOO 

□ o« 00 
ooeooDO 

□ D ■ D □ D □ 
□ ■ □ G 
□□■□ODD 
D D D ■ O D D 
DDDDBDO 


□oa^^^^ 
□□□a^DD 
□ □ □ D a □ □ 

□GDGBD^ 
DGGDBOG 
GOGGBGG 
GGGGBGG 
GGOBGGG 
GGBGGGG 


D a □ D 

aOOBDOB 
GBOBGBO 
OOBBBGG 

OGGBGGG 
□ G BB a G G 
□BQBGBG 

a G □ a □ G a 

G OG a G G 


n □ □ □ □ □ 
□□□■□□□ 
□□□■□□□ 
□□□■□□□ 
■■■■■■■ 
□□□■□□□ 

D GG ■D □ 

G G G^ □ □ □ 

GGGGGGG 


D D 
ODODO^D 
□□□□□□□ 
□□□□□□□ 
DODOOOD 
OGOGDO^ 
□ □ G a GG 
G a D D 

GGBGGGG 


D D GO 
□DDDOO^ 
□□□□□□□ 
□□□□□□□ 

aaaaaaa 

□ □ □ □ □ □ 
□□□□□□□ 
D G D 

QGDGGOD 


□□□□□□□ 

□ □□ DO 
□□ODDDD 
□□□□□□□ 
□□□□□□0 
□□□□□□□ 

□ GD D D D 
D 00 D D 
GGGBOGG 


□□□□□□□ 
□ □ □ OD a 
DO D a D 
D 00 a G 

DODBOOO 
D D a D D 

Or^DDDOD 
a G G OD D 

OOGGDOD 


1 1 





OG^^^OD 

□■□□□■D 
■□□□□■■ 
■□□□■□■ 

■□□■□□a 
■□■□□□■ 
a a □ □□ □ a 

□aOQ^BO 

□□aa^QD 


GGGBOGG 
GOBBGGG 
GaoBOGO 
OGOBGGG 
GOOBOGG 
OOOBGGD 
GGGBDDD 
DODBOOO 
GBBBBBO 


□BBBBB^ 

BGGGGGB 
GOOGGGB 
□□□□GBG 
□GBBBGQ 
□ a □ □ □ □ □ 
B^^^GGO 
BG^GGGG 
BBBBBBB 


GBBB^IG 

B GG GO a 
GO^^GOB 
□GDOGOB 
□□□BBBO 

□□□□□□ a 
□□□□□□ a 

BGGGGGB 
GBBBBBG 


OGGGBDG 
□□□BBQG 
□OBOBGG 
GBGOBGG 
BGGOBGO 
a OG OB GO 
BBBBBBB 
GGGGBGG 
GOOGBGO 


BDGGOGG 
BGOGGGG 
BBBBBBG 

GGGGGGB 
GGGGGOB 
BOGOGOB 

oaaaaao 


GGBBBBG 

GBGGGGB 
BGOGGGG 
BGOGGGG 
BOBBBBG 
BBOOGGB 
BGOGGOB 
BGOGGOB 
OBBBBBO 


BBBBBBB 

GOGOOOB 
OODOOOB 
GG D GBG 
OOGOBOG 
ODOBGOG 
GOBOOOO 
OBOOOGG 
BOGOO^^ 


1 1 


1 


DaaaaaD 

a □ □ D a 
a D a 
a oa 
□ □ a a a □ □ 
□■□□□■□ 
■□□nana 

□■■■■■□ 


GBBBBBG 

BO GO GOB 

a □□□□□ a 

BOOOOBB 

■ ■ ■ a □ a 

□ D □ a 

ODDODDB 
■□□□GBG 
□BBBBGD 


GGGGGGG 
□GGGGGO 
ODGGGOG 
□ □□ B □ □ □ 
□□□□□□□ 
ODD^^DG 
□□□■ODD 
□□GGDDD 
GGDDQGO 


GGGGGGG 
GGGOGGG 
GGGOGGG 
GGGBGGG 

GGGOGGG 
GGGOGGG 

□□■□GDD 

ZJ. 1 


GDGGGBO 
GGGGBGG 
OGGBGGG 
GGBOD^^ 
D a D D G G 
OOBDGGO 
□□□BODD 

□naaaDG 
oooaaBD 


D □□ □ □ □□ 
□ □ D D D □ 

□□□□□□□ 

BBBBBBB 

□□□□□□□ 
ODOODDO 
BBBBBBB 

oaaoGOD 

□GGODOG 


OBGOGGD 
GGBOGGO 
GGGBGOO 
GGOOBOG 
GOOGOBO 
GGOOBOG 
GGaBODG 
GDBOaDD 
DBOGGGO 


OBBBBBO 

aaooo OB 

□GGGGOB 
ODG GG OB 
G DDD B BG 

OODBDDG 
□□□BDGD 
GOOOOOO 
OOGBODO 



5x7 Character Font 6061 61 61 



A "Filled In" Square Represents a Low Memory Output 





ASCII 




A5 A4 A3 


















INPUT 




n n 

u U U 


1 


10 


Oil 


10 


10 1 


110 


111 


ADDRESS 


























O5O4O3O3O1 


05O4O3O2O1 


0504030201 


0504030201 


O5O4O3O3O1 


O5O4O3O2O1 


O5O4O3O2O1 


O5O4O3O2O1 










□ □□no 


□ □ □ □ □ 


□ D D □ D 


n □ □ □ □ 


p □ □ □ □ 


□ □ □ □ □ 


□ D □ n 


□ □ □ □ □ 










■ ■ ■ ■ ■ 


■ ■ ■ ■ ■ 


□ □ ■ □ □ 


□ □ □ □ ■ 


■ □ D □ □ 


a ■ ■ a a 




□ □ □ □ □ 


Ag 


A 


3 Ay Ae 


■ □ □ □ ■ 


■ □ □ □ □ 


□ □ ■ □ □ 


□ □ □ □ p 


■ □ ■ □ □ 


a □ □ □ a 


□ □ □ n a 


□ □ □ □ □ 




■ □ □ □ ■ 


■ □ □ □ □ 


□ □ ■ □ □ 


□ □ □ □ ■ 


□ ■ ■ □ □ 


a a □ a a 


□ □□an 


□ □□DO 













■ □ □ □ ■ 


■ □ Q □ □ 


□ □ ■ □ □ 


□ □ □ □ ■ 


□ □ ■ □ □ 


a □ a □ a 


□ □□an 


□ a a a □ 










■ □ G □ ■ 


■ □ □ □ 


□ □ ■ □ □ 


□ □ □ □ ■ 


□ □ ■ ■ □ 


a a □ a a 


a □ a □ □ 


a D □ □ a 










■ □ □ □ ■ 


■ □ □ □ □ 


□ □ ■ □ □ 


□ □DDI 


n □ ■ □ ■ 


a □ □ □ a 


a □ a □ D 


a □ □ a 










■ ■ ■ ■ ■ 


■ □ □ □ □ 


■ ■ ■ ■ ■ 


■ ■ ■ ■ ■ 


□ □ □ n ■ 


a a a a a 




a a a a a 










(NUL)* 


{SOH) * 




(ETX)* 


(EOT)* 


(ENO)* 




(BEL) * 










Q □ □ □ □ 


□ □ □ □ □ 


□ □ □ D □ 


□ □ □ □ □ 


□ □ □ □ n 


□ D □ □ 


□ □ □ □ □ 


□ □ □ □ □ 










■ ■ ■ □ □ 


■ ■ □ □ 


■ ■ ■ ■ ■ 


■ □ ■ □ ■ 


□ □ □ □ □ 


n □ □ a a 


□ a a a □ 


□ a a a □ 










■ ■ □ □ □ 


D n ■ □ □ 


□ □ □ □ 


■ □ ■ □ ■ 


■ □ ■ □ ■ 


□ □ a □ □ 


a □ □ a 


a □ □ □ a 











1 


■ D ■ □ 


□ n □ ■ □ 


□ □ □ □ □ 


■ □ ■ G ■ 


■ □ ■ □ ■ 


□ a □ □ □ 


a a □ a a 


a □ □ □ a 


□ □ □ ■ □ 


■ ■ ■ ■ ■ 


■ ■ ■ ■ B 


■ G ■ □ ■ 


□ ■ ■ ■ □ 


a a a a a 


a □ a □ a 


a □ a □ a 














□ □ □ □ 


D ■ ■ ■ G 


■ n ■ □ ■ 


□ a □ □ □ 


a a □ a a 


a □ □ □ a 










□ □ □ ■ 


□ □ ■ □ □ 


□ □ □ □ 


G ■ ■ ■ G 






a □ □ □ a 


a □ □ □ a 










□ □ □ □ ■ 


■ ■ □ □ □ 


■ ■ ■ ■ ■ 


G □ ■ G □ 


□ □ ■ □ 


□ □ □ a a 


□ a a a □ 


□ a a a □ 










(BS)* 


(HT)* 


(LF)* 


(VT)* 


(FF)* 


(CR)* 


(SO)* 


(Sl)» 










□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ 


G G □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 










■ ■ ■ ■ ■ 


□ ■ ■ ■ □ 


□ ■ ■ ■ □ 


G ■ ■ ■ □ 


□ ■ ■ ■ □ 


□ D □ □ a 


□ a a a □ 


□ □ □ □ a 










■ □ □ □ ■ 


■ □ ■ □ ■ 


■ □ □ □ ■ 


■ G G G ■ 


■ □ ■ □ ■ 


□ □ □ □ a 


□ a □ a a 


□ □ □ □ a 





« 


1 





■ □ □ □ ■ 


■ □ ■ □ ■ 


■ □ □ D ■ 


■ G G ■ 


■ □ ■ □ ■ 


□ □ □ a D 


□ a □ a □ 


□ □ □ □ a 


■ ■ ■ ■ ■ 


■ □ ■ ■ ■ 


■ □ ■ ■ ■ 


■ ■ ■ G ■ 


■ ■ ■ □ ■ 


□ □ a a a 


□ a □ a □ 


a a a a a 










■ □ □ □ ■ 


■ □ □ □ ■ 


■ □ ■ □ ■ 


■ G ■ G ■ 


■ □ □ □ ■ 


a □ a □ □ 


□ a □ a □ 


□ □ a 










■ □ □ □ ■ 


■ □ □ □ ■ 


■ □ ■ □ ■ 


■ □ ■ G ■ 


■ □ □ □ ■ 


a □ a □ □ 


□ a □ a □ 


□ □ □ a 




J, 








] ■ □ ■ ■ ■ 


. D ■ ■ ■ D 


D ■ ■ ■ □ 




.,□ ■□on 


• 


□ □ □ □ a 










(OLE)* 


(DC1)* 


(DC2)* ' 




(DO«)4> 


(N/kk)* 




(PTB)* 










□ □ □ □ □ 


□ □ODD 


D Q □ □ □ 


□ □ □ D D 


□ □ODD 


□ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 










■ ■ ■ ■ ■ 


□ □ ■ □ □ 


D ■ ■ ■ D 


□ ■ ■ ■ □ 


■ ■ ■ ■ ■ 


a a a a a 


a a a a a 


a a a a a 










■ □ □ D ■ 


□ ■ □ □ 


■ □DOB 


■ G □ G ■ 


■ □ ■ □ ■ 


a □ □ □ a 


a □ □ □ a 


a □ a □ a 








1 


1 


□ ■ □ ■ □ 


□ □ ■ □ 


■ a □ □ D 


■ D □ □ ■ 


■ □ ■ □ ■ 


a □ □ □ a 


a □ □ □ a 


a □ a □ a 


□ □ ■ □ □ 


□ ■ ■ ■ □ 


D ■ □ D D 


■ ■ ■ ■ ■ 


■ ■ ■ □ ■ 


a a a □ a 


a □ a a a 


a a a a 










□ ■ □ ■ □ 


□ □ ■ □ □ 


D □ ■ D D 


■ D D D ■ 


■ □ □ □ ■ 


a □ a □ a 


a □ a □ a 


a □ □ □ a 










■ □ □ □ ■ 


□ □ ■ □ D 


D □ □ D □ 


■ D □ D ■ 


■ □ □ □ ■ 


a □ a □ a 


a □ a □ a 


a □ □ a 










■ ■ ■ ■ ■ 


□ □ ■ □ □ 


D D ■- □ □ 


D ■ ■ ■ D 


■ ■ ■ ■ ■ 


a a a a a 


a a a a a 


a a a a a 














(SUB)* 


(E8G)* 




(OS) 41 


(R8)* 


(US)* 


































□ □ □ □ 


□ □ODD 


d "D ODD 


D D D D □ 


Q Q Q □ □ 


□ □ □ □ □ 


□ □ a □ □ 


□ □ □ □ □ 










□ □ D □ □ 


□ □ ■ D-D 


D' ■ □ ■ D 


□ ■ □ ■ D 


□ □ ■ □ a 


a a □ □ □ 


a □ □ □ 


□ □ a □ □ 










□ □ □ □ a 


□ D ■ '□ D 


D V D ■ □ 


G ■ □ ■ □ 


□ ■ ■ ■ ■ 


a a □ □ a 


a □ B;D □ 


□ □ a □ □ 





1 








□ □ □ □ □ 


D □ ■ □ 


D ■ □ ■ D 




■ □ □ 


□ a □ a □ 


a □ a □ □ 


□ □ a □ 










□ □ □ □ □ 


□ li □ □ 


□ D D D D 


■ D ■ D 


□ ■ > ■ □ 


□ □ a □ □ 


□ a □ □ □ 


□ □ □ □ □ 










□ □DDE 


D D ■ □ □ 


tf -D □ D 




□ □ ■ □ ■ 


□ a □ □ □ 


a □ a □ a 


□ □ □ □ □ 










"D □ ID 


D D □ 


DiQ D □ □ 


' DM □ ■ D 


■ ■ ■ □ 


a □ □ a a 


■ □ □ a □ 


□ □ □ □ 










□ □ □ □ ^ , 


□ □ ■ D'D 


•tl^D ODD 


□ □ ■ , 


□ '□■a a 


□ □ Q a a 


□ a a □ a 












□ □ □ □ □ 


□ D □ □ D 


□ D D D D 


□ G □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 










□ □ ■ □ □ 


D D ■ □ D 


□ □ B □ □ 


□ G G G G 


□ □ □ □ □ 


D □ □ □ □ 


□ □ □ □ 


n n n n n 

LJ l_l l-J L-l U 










□ ■ □ □ □ 


D □ D ■ □ 


■ D ■ □ ■ 


□ □ ■ □ D 


□ □ □ □ □ 


□ □□on 


□ □ □ □ 







1 





1 


■ □ □ □ □ 


□ D D ■ 


D ■ ■ ■ □ 


n □ ■ D □ 


□ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □□an 










■ □ □ □ □ 


□ D D n ■ 


D D ■ □ D 




□ □ □ □ □ 


a a a a a 


□ □ □ □ □ 












■ □ □ □ □ 


D D D □ ■ 


D ■ ■ ■ □ 


■ D 


□ □ ■ □ □ 


□ □ Q □ □ 


□ □□00 


n ■ n n n 










□ ■ □ □ 


D D D ■ D 


■ □ ■ D ■ 


□ D ■ D D 


□ □ ■ □ 


□ □ □ □ □ 


□ □ □ □ □ 


a □ □ □ □ 










□ □ ■ □ □ 


□ D ■ D □ 


D □ ■ □ □ 


D D D 


□ ■ □ □ g 


□ □ □ □ □ 




□ □ □ □ □ 










□ □ □ □ 


□ □ □ □ □ 


P □ □ □ 


D D D n D 


Q □ □ Q □ 


n n n n n 

l—J U LJ LJ t_l 


□ □ □ □ □ 


□ □ □ 










□ ■ ■ ■ n 


□ □■00 


□ ■ ■ ■ □ 






















□ ■ ■ D D 


H □ □ □ ■ 


□ □ □ n ■ 


□ □ ■ ■ □ 


a □ □ □ □ 


□ a □ □ □ 


□ □ □ □ a 





1 


1 







D D ■ □ □ 


D □ DDI 




□ ■ □ ■ □ 


















D □ ■ D D 


□ ■ ■ ■ □ 




■ □ □ ■ □ 




a a a a □ 












■ ■ □ □ ■ 


□ □ ■ □ □ 


■ D □ □ □ 




■ ■ ■ ■ ■ 
















■ □ □ □ ■ 






■ □ □ ■ 




a □ □ □ a 


a □ □ a 


□ ■ □ □ c 










' □ ■ ■ ■ □ 


□ ■ ■ ■ □ 


■ ■ ■ ■ ■ 


□ ■ ■ ■ □ 


□ □□an 


□ a a a □ 


□ a ■ a □ 


a □ □ □ □ 










D □ □ □ □ 


□ □ D □ □ 


D □ □ □ □ 


□ □ □ □ 


□ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 










□ ■ ■ ■ □ 


D ■ ■ ■ □ 


□ □□an 


□ □ □ □ □ 


□ □ □ ■ □ 


□ □ODD 


□ a □ □ □ 


□ a a a □ 










■ □ □ □ ■ 


■ □ G □ ■ 


□ □ □ □ □ 


□ □ □ □ □ 


□ ■ □ 


□ □ □ □ 


□ □ a □ D 


a □ □ □ a 





1 


1 


1 


■ □ □ □ ■ 


■ D D D ■ 


D ■ □ 


□ □ ■ □ □ 


□ ■ □ □ 


a a a a a 


□ □ □ a □ 


□ □ □ □ a 


□ ■■an 


D ■ ■ ■ ■ 


□ □ □ □ □ 


a a □ □ 


■ □ □ □ □ 


□ □ □ □ 


□ □ □ □ a 


□ □ a a □ 










■ □ □ □ ■ 


D □ D □ ■ 


□ □ ■ D D 


□ □ ■ □ □ 


■ □ □ □ 


a a a a a 


□ □ □ a 


□ □ a □ □ 










■ □ □ □ ■ 


D □ D ■ D 


D D □ D D 


□ □ ■ □ □ 


□ □ ■ □ □ 


□ □ □ □ 


□ □ ■ □ □ 


□ □ □ □ □ 










■ ■ n 


■ ■ P □ □ 


□ □ODD 


□ ■ □ □ □ 


□ □ □ ■ □ 


□ □ □ □ □ 


□ a □ □ □ 


□ □ a □ □ 



i In parenthesis Identify tlie control code corresponding to ttie appropriate pictorial represention. 
These representations were olitained from the USASI X 3.2 Code Practice Manual. 



6^<» 



3..X7 C|»iraeter.F«Mtt .. 6Dftl - BiBi 



A "Filled In" Square Represents a Low Memory Output 





ASCII 




Ac Ait A^ 


















INPUT 




000 


1 


. 10 


[Oil 


1 


10 1 


1-10 


111 


ADDRESS 


























OSO4030201 


0504030301 


0^4030201 


05O4O3O3O1 


05O4O3O2O1 


96O4O3O2O1 


OsO4O302Oi 


(%O403O2Ol 










□ □ 


□ □ □ □ D 


□ □ □ 


□ □□on 


D □ □ □ □ 


D an □ 


D-an a □ 


□ □ □ □ 










□ ■ ■ ■ □ 


□ □ a □ □ 


a a a a □ 


a a a a □ 


a a a a □ 


a a a a a 


a a a a a 


□ a a a □ 


Ag 


As 


A7 


Ae 


■ □ □ c ■ 


□ a □ a □ 


a □ □ □ a 


a □ □ □ a 


a □ □ □ a 


a □ □ □ □ 


a □ □ □ □ 


a □ □ D a 


i 


n 


n 


n 


■ □ ■ □ ■ 


a □ □ □ a 


a □ □ □ a 


■ □ □ an 


a □ □ □ a 


a □ □ □ □ 


a □ □ □ □ 


a □ □ □ □ 


1 


U 


U 


U 


■ □ a ■ ■ 


a □ □ □ a 


a a a a □ 


u 00 a a 


a □ □ □ a 


a a a a □ 


a a a a □ 


a □ □ □ p 










a □ ■ ■ □ 


a a a a a 


a □ □ □ a 


a □ □ □ □ 


a □ □ □ a 


a □ □ □ □ 


a □ □ □ □ 


a □ 6 a a 










a □ □ □ □ 


a □ □ □ a 


a □ □ □ a 


a □ □ □ a 


a □ □ □ a 


a □ □ □ □ 


a □ □ □ □ 


a □ □ □ a 










□ a a a a 


a □ □ a 


a a a a □ 


□ a a a □ 


a a a a □ 


a a aa a 


■ □ □ Q □ 


□ a a a a 










□ □ □ □ □ 


□ □ □ □ 


□ □ □ □ 


D □ □ □ D 


□ □ □ Q □ 


□ □ □ □ □ 


□ □ □ □ 


□ □ □ □ D 










a □ □ □ a 


□ a a a □ 


□ □ □ □ a 


a □ □ □ a 


a □ □ □ □ 


a □ □ □ a 


a □ □ □ a 


□ a a a □ 










a □ □ G a 


□ □ a □ □ 


□ □ □ n a 


a □ □ a □ 


a □ □ □ □ 


a a n a a 


a D □ □ a 


a D □ □ a 


1 








1 


- a □ a □ a 


□ □ a □ □ 


□ □ □ □ a 


a □ a □ □ 


a D D □ □ 


a □ a G a 


a a □ □ a 


a □ D □ a 










a a a a a 


□ a □ □ 


□ □ □ □ a 


a a □ □ □ 


a D □ n □ 


a a □ a 


a □ a □ a 


a D D a 










a □ □ □ a 


□ □ a □ □ 


□ □ □ a 


a □ a □ □ 


a □ □ 


a □ a □ a 


a □ □ a a 


a □ □ □ a 










a □ □ □ a 


□ □ a □ 


a □ □ □ a 


a □ □ a □ 


a □ □ □ □ 


a □ □ □ a 


a □ □ □ a 


a □ D □ a 










a □ □ □ a 


□ a a a □ 


□ a a a □ 


a □ □ □ a 


a a a a a 


a □ □ □ a 


a □ □ □ a 


□ a a a □ 










□ □ n □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ D □ □ 


□ □ □ □ 


□ □ □ □ □ 


□ □□on 


□ □ D □ □ 










a a a a □ 


□ a a a □ 


a a a a □ 


□ a a a □ 


a a a a a 


a □ □ □ a 


a □ □ □ a 


a D D D a 


1 








a □ □ □ a 


a □ □ □ a 


a □ □ □ a 


a □ □ □ a 


a □ a □ a 


a □ □ □ a 


a □ □ □ a 


a D □ D a 





1 





a □ □ □ a 


a □ □ □ a 


a □ □ □ a 


a □ □ □ □ 


□ □ a □ □ 


a □ □ □ a 


a □ □ □ a 


a D D D a 










a a a a □ 


a □ □ □ a 


a a a a □ 


□ a a a □ 


□ □ a □ □ 


a □ □ □ a 


□ a □ a □ 


a □ a □ a 










a □ □ □ □ 


a □ a □ a 


a □ a □ □ 


□ □ □ □ a 


□ □ana 


a □ □ □ a 


□ a □ a □ 


a □ a □ a 










a □ □ □ □ 


a □ □ a □ 


a □ □ a □ 


a □ □ □ a 


□ □ana 


a □ □ □ a 


□ □ a □ □ 


a □ a a 










a □ □ □ 


□ a a □ a 


a □ □ □ a 


□ a a a □ 


□ □ a □ □ 


□ a a a □ 


□ □ a □ □ 


□ a □ a □ 










□ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ 










a □ □ □ a 


a □ □ □ a 


a a a a a 


a a a a a 


□ □ □ □ □ 


a a a a a 


□ □ □ □ □ 


□ □ □ □ □ 










a □ □ □ a 


a □ □ a 


□ □ □ a 


a a □ □ □ 


a □ □ □ □ 


□ □ □ a a 


□ □ □ □ d 


□ □ □ □ □ 


1 





1 


1 


□ a □ a □ 


□ a □ a □ 


□ □ ■ □ 


a a □ □ □ 


□ a □ □ □ 


□ □ □ a a 


□ Q □ □ 


□ □ □ □ 










□ □ a D □ 


□ □ a □ □ 


□ □ana 


a a □ □ □ 


□ □ a □ 


□ □ □ a a 


□ a a a □ 


□ □ □ □ □ 










□ a □ a □ 


□ □ a □ □ 


□ anon 


a a □ □ □ 


□ □□an 


□ □ □ a a 


a □ □ □ a 


□ □ □ □ 










a □ □ □ a 


□ □ a □ □ 


a □ □ □ □ 


a a □ □ □ 


□ □ □ □ a 


□ □ □ a a 


□ □ □ □ □ 


□ □ □ □ □ 










a □ □ □ a 


□ □ a □ a 


a a a a a 


■ a a a a 


□ noon 




□ □ □ □ 


a ■ ■ ■ ■ 










□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ 


□ □ □ □ □ 


□ □ □ D □ 


□ □ □ □ □ 


□ □ODD 


□ □ □ □ 










□ a □ □ □ 


□ □ □ □ □ 


a □ □ □ D 


□ □ □ □ □ 


□ □ □ □ a 


□ □ □ □ □ 


D D D a □ 


□ a a a a 










□ □ana 


□ □ □ □ □ 


a □ □ □ □ 


□ □ □ □ 


□ □ □ □ a 


□ □ n □ □ 


□ D a □ □ 


a □ □ □ a 


1 


1 








□ □□an 


□ a a a □ 


a a a a □ 


□ a a a a 


□ a a a a 


□ a a a □ 


□ D a □ D 


a □ □ □ a 










□ □ □ □ □ 


□ □ □ □ a 


a □ □ □ a 


a □ □ □ □ 


a n □ a 


a □ D □ a 


□ a a a D 


a □ D D a 










□ □ □ □ 


□ a a a a 


a □ c □ a 


a n □ □ 


a □ □ □ a 


a a a a a 


D □ a □ □ 


□ a a a a 










D □ □ □ □ 


a □ □ □ a 


a □ □ □ ■ 


a □ a □ a 


a □ D □ a 


a □ □ □ □ 


□ □ a □ □ 


D □ □ □ a 










□ □ □ □ □ 


□ a a a a 


a a a a □ 


□ a a a a 


□ a a a a 


□ a a a □ 


□ □ a □ □ 


□ □ a a □ 










□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 










a □ □ □ □ 


□ □ a □ □ 


□ □ana 


□ a □ □ 


□ a a □ □ 


□ □ □ □ □ 


□ □ □ □ 


D □ □ □ □ 










a □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ 


□ a □ □ □ 


□ □ a □ □ 


□ □ □ 


D D D □ □ 


□ □ □ □ 


1 


1 





1 


a a a a □ 


□ a a □ □ 


□ □ a □ □ 


□ a □ a 


□ a □ □ 


a a □ a □ 


a a- a a D 


□ a a a □ 










a □ □ □ a 


□ a a □ □ 


□ □ a □ □ 


□ a □ a □ 


□ □ado 


a □ a □ a 


a □ '□ □ a 


a □ □ □ a 










a □ □ □ a 


□ □ a □ 


□ □ a □ □ 


□ a a □ □ 


, □ D a □ □ 


a □ a □ a 


a □ □ □ a 


a □ □ □ a 










a □ □ □ a 


□ □ a □ □ 


a □ a □ □ 


□ a □ a □ 


□ □ a □ □ 


a □ a □ a 


a □ □ □ a 


a □ □ □ a 










a □ □ □ a 


□ a a a □ 


□ a □ □ □ 


□ a □ □ a 


□ a a a □ 


a □ a □ a 


a □ □ □ a 


□ a a a □ 










□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 










a a a a □ 


□ a a a a 


□ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 










a □.□ □ a 


a □ □ □ a 


□ □ □ □ □ 


□ □ □ □ 


□ □ ■ n n 


□ □ □ □ n 


□ □ □ □ □ 


□ □ □ □ □ 


1 


1 


1 





a □ □ □ a 


a □ □ □ a 


n a □ a a 


□ a a a a 


□ ■ ■ ■ □ 


■ □ □ □ ■ 


a □ □ □ a 


a □ □ □ ■ 










a □ □ D.m 


a □ □ □ a 


□ a a □ □ 


man no 


□ a □ D 


■ □ □ □ a 


a □ □ □ a 


a □ □ a 










a a a a □ 


a a a ■ 


□ a □ □ □ 


□ a a a □ 


□ □ a □ □ 


■ □ □ □ a 


□ a □ a □ 


a □ □ □ a 










a □ □ □ □ 


□ □ □ □ a 


□ a □ □ □ 


□ oa 


□ □ a □ □ 


a □ □ □ a 


□ a □ a □ 


a □ a □ a 










a □ □ □ □ 


□ □ □ □ a 


□ a □ □ 


a a.a a □ 


□ □ □ a □ 


□ a a ■ a 


□ □ a D D 


□ a D a □ 










□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ □ 


□ □ □ □ 


□ □ □ □ □ 


□ D D □ □ 


□ D D □ □ 










□ □ □ □ □ 


a □ □ □ a 


□ □ □ □ □ 


□ □□an 


□ □ a □ □ 


□ a D □ □ 


□ □ □ □ a 


□ a □ a □ 










□ □ □ □ □ 


a □ □ □ a 


□ □ □ □ □ 


□ □ a □ □ 


□ □ a D □ 


□ □ a □ 


□ a a a □ 


a □ a □ a 


1 


1 


1 


1 


a □ □ □ a 


a □ □ □ a 


a ■ a a a 


□ □ a □ □ 


□ □ a □ D 


□ □ a □ □ 


a □ □ □ □ 


□ a □ a □ 










□ a □ a □ 


a □ D □ a 


□ □ □ a □ 


□ a □ □ □ 


□ □ □ □ □ 


□ □ □ a □ 


□ □ □ □ □ 


a □ a □ a 










□ a □ □ 


□ a a a a 


□ □ a □ □ 


□ □ a □ □ 


□ □ a □ □ 


□ □ a □ □ 


□ □ □ □ □ 


□ a □ a □ 










□ ■ □ a □ 


□ □□OB 


□ a □ □ □ 


□ □ a □ □ 


□ □ a □ □ 


□ □ a □ □ 


□ D D Q □ 


a □ a □ a 










. ;B □ □ □ ■ 


□ □ a a □ 


aaia^ a 


a an a □ 


'□ a a □ □ 


-a b:o □ 


□ D □ □ □ 


□ a □ a □ . 
























■ -- YDH-r* ■ 



5-11 



if 



7 X 9 ChiMBeteriRMiit 60^ 6172 



AD 


}RESS 














i 


1 1 1 


*10 ' 

A 


« *8 *7 

inn 


07060504030201 
■■■■■■a 

■□□□Doa 
■□□□□□a 
a □ □ n □ □ a 
a □ □ □ □ □ a 
aaaaaaa 

(NUL) * 


07050504030201 
BBaaaaa 

BDDDODa 
BDDaDDD 
BDDDOOD 

a □ □ □ □ n □ 

a □ D □ □ □□ 

aDDDDDD 

a □ □ □ □ □ □ 

(SOH) * 


07050504030201 
□□□BG^Q 

□□aanno 

□□□BQQD 

a □ □ □ 

□□□BBOO 

□□□Bono 

□ n □ a □ □ □ 

□ □ □ a □ □ □ 


O7O6O5O4O3O2O1 

□□□□□□a 
□□□□□□a 
□□□□□□a 
□□□□□□a 
□□□□□□a 
□□□□□□a 
□ □ □ □ □ a 
□□□□□□ a 

(ETX)* 


O7O5O5040302O1 
an^oD^^ 

BDG^nGG 
□ BGBI3Q^ 
OGBaaGQ 

□□□a^OD 
□□□BBGG 
GGGBGBG 

□□GGGGB 
G G G G G G a 
(EOT)* 


07O605040302O1 
BBaaaBB 

BGOGGGB 
BGDGGGB 

BGaaaGB 

BQ^aaGB 

B'Ga^BGB 

BGDGGGB 
BGGGGGB 

Baaaaaa 

(ENQ) * 


O7O6O5O4O3O2O1 
GGGG^GB 
GGGODGB 
GGGGGBG 
GGGGOBG 
GGGDBGG 
GGGGBGG 
BGGBG^^ 
□ a □ BGG G 
GGBD^QG 
(ACK)* 


07050504030301 
GGGGGGG 
GGGGGGG 
□□□GGGG 
GGBBBGD 
GBGDnaG 
BGGGGGB 
BGGGGGB 
BGGGGGB 
BBBBBaa 
(BEL)* 


I 

1 


1 1 


aaaoDDD 

a a □□ □ □ □ 
a □ a □ □ □ □ 

□ □ □ a □ □ 

□ □ □ □ a □ □ 

□ □□ □ □ a 

□ □ □ □ □ a □ 
□□□□□□a 

(BS)* 


aaanaDD 

□□□anon 

□ □ □ □ a □ □ 

aaaaaaa 

□ □ □ D □ a □ 

□ □ □ □ a □ □ 

□ □ □ a □ □ □ 
a a a □ □ □ □ 

(HT)* 


aaaaaBB 

□□□□□□□ 
□□□□□□□ 
□□□□□□□ 
BBaaaaa 
□□□□□□□ 
□□□□□□□ 
□□□□□□□ 
aaaaaaa 

(LF)* 


B^^anaa 

BQ^a^QB 
BOOBG □a 

Booaana 

aaQBQDB 
BQGB^DB 
□BQBGBO 

□□aaaan 

□ □ □ a □ □ □ 

(ITT)* 


□ GGBGG G 
BGGaGGB 
BGGBG^B 

□aBBBBa 

□ □ □ a □ □ □ 

a G G BG G a 

GaaaBBG 

GDGBGGG 

□ □ □ B^ GG 

(FF)* 


GGGGBBB 

GGGBGGG 
□□aOGGG 
□BOGGGG 

aaaaaBB 

GBGDGG^ 
□GBGGGG 
GGGBGGG 
GGGGBBB 

(CR)* 


□oaaaGG 

□BGGOBn 

a □ □ □ GO a 

aGBGBGB 
a GGBGG a 
aGBGBGB 

BGGGGGB 

G a G GG a a 
G □ aa a □ n 

(SO)* 


GGBBBGG 

GBGG^B^ 
BGGGGGB 
■□GGGGB 
BGGBGGB 

a □ □ □□ G a 

BGGGGGB 
GBGGGBG 
GGBBBGG 

(SI)* 


1 


1 1 


aaaaaaa 

a □ □ □ D □ a 
a □ □□ □ □ a 
a □□ DD na 
aaaaaaa 
a □ □ □ □ □ a 
a 

a □ □□ □ □ a 
aaaaaaa 

(DLE)* 


□□aaan^ 

□ a □ a □ a □ 
a □ □ a □ □ a 
a^^aona 
a □ na a a a 
a □ □ □ □ □ a 
a □ □ □ □ □ a 
□an^^ac 

□ □ a a a □ □ 

(DC1)* 


□ □ aa B^ □ 
a □□ □ a □ 
a □ □ □ □ □ a 
a □ □ □ □ □ a 
aDGBaaa 
annBG^a 
a G □ a G G a 

□ a □ a G a G 
G G a a ■ G G 

(DC2)* 


□□aaa^o 

□ a □ □ □ a □ 
a □ □ □ □ □ a 
an □□□ □a 
aa aa □ □ a 
a □ □ a □ □ a 
a □ □ a □□ a 

□ a^ a □ a □ 

□ □ a a a □ 

(0C3)* 


G G a a a G G 

□BGaGBG 

a □ G a G □ a 
■ □ G a G G a 
aaaaGGB 

a G G G G a 
a G G G G G a 
□ BGG G BG 

G G a a a G G 

(DC4)* 


G G G G G □ a 
GD^^GGB 

□ G G □ G a □ 
G G G G □ a G 

□ G a a a a a 

□ G □ □ a □ G 
a □ □ a □ □ □ 

□ a^ a □ □ □ 

□ □ a^ □ G □ 

(NAK)* 


G a a a a a n 

G a □ □ □ ■ □ 
n a □ □ □ a □ 
n a □ n n a □ 
n a □ □ n a □ 
n a n G G a □ 
Q a □ G c a □ 
□ a □ G G a G 
a a □ □ n a a 

(SYN) * 


G G □ □ □ □ a 

□ □ □ □ n □ a 

□ □ □ Q □ □ a 
aaaaaaa 

□□□□□□■ 
□□□□□□ a 
□□□□□□ a 

(ETB)* 


1 


1 1 1 


aaaaaaa 

aannoDB 

□ a □□ DBD 

□ oa □ a □ □ 

□□□BQDD 

□ □ a a aa □ 

□ a □ □ a □ 
a □ □ □ □ □ a 
aaaaaaa 

(CAN)* 


□□□BD^n 

□□□BO^D 
□ □□B^ □□ 

□□ □ a □ □□ 

□BBBBBQ 

□□□an^^ 
□□□a^^^ 
□□□a^D^ 
□ □ □ a □ □ □ 

(EM)* 


GaaaBBG 

a GGG GG a 

BGDGGa^ 

a □ D n n n n 
□aan^o^ 

□ □ □ a □ □ G 

G G G a G G □ 

G n n nn n 

□ □□ a □ □ □ 

(SUB)* 


□ □ a aa □ G 

G a G G G a □ 
a G G G G G a 
a G G G G G a 

BBaaaaa 

a G G G G □ a 
a G □□ nn a 

□ a n n n a G 
G G a a a G G 

(ESC)* 


a G □ a G n a 
a □ G a G □ a 
a G □ a □ G a 
aaaaona 

a n G □ G □ a 
a G G □ G a 
a □ G G G □ a 

(FS)* 


a GG GG GB 

a G □ □ □ G a 

BGGGGGB 

aaaaGGB 

a G G a G G a 
a □ G a □ □ a 
a □ □ a □ □ a 

(OS)* 


a □ □ □ n a 
BGnnnna 

BGGGGGB 

a G G aa a a 

a □ G a G G a 
a G G BG □ a 
a G G a □ G a 

(SX) * 


a □□ a □ □ a 
a G □ a □ □ a 
a □□ a G □ a 
a □ □ a a a a 

a □ □ □ □ □ a 
a □ □ □ □ □ a 
a □ □ □ □ a 

(US)* 


1 





□□□□□OD 
□□□□□□□ 
□□□□□□□ 
□DDDDDD 
□□□□□□□ 
□□□□□□□ 
□DDDDDP 
□□□□□□□ 
□□□□□□□ 


□□□BQ^^ 

□ □ □a □□ □ 

□□□ B □ □□ 

□ □ □ a □ □ □ 

□ □ □ a □ □ 

□□□BDQQ 

□ □ □ □ □ 
□□□□□□□ 

□□□a^^D 


□ a □ □ a □ □ 
□a^^aan 

□ a □ □ a □ □ 
□ a □□ a □ □ 

□□□□□□□ 
□□□□□□□ 
□□□□□□□ 
□□□□□□□ 

□ □ G □ G □□ 


G G a G a G G' 

G G a G a □ G 

BBBBBBB 

G G a G a □ □ 
G □ a □ a □ □ 
oaa^BD^ 

BBBBBBB 

□□a^an^ 
□□B^a^o 


□□anaGG 
GBBaaaa 

BGanaGG 

BGBGaaG 

□ B BB a a □ 

□□B^BGB 
□□B^BGB 

aaaaaaQ 

□nanaQG 


□a □ □□ □□ 
a G BG G G a 

GBGGGBG 
G GG GB G G 
G G G a G G □ 
GGBGGG^ 
GBGGGBG 
BGGGBGB 
GG^GQBG 


□BBGGOG 
BGGBDOG 
aaDBGOG 
□BBGGGO 
G B a G D G □ 
BGGBGBG 
aGGGBBG 
aDDGGBG 
GBaBBOB 


GGGBBGG 
□GGBBGO 

GGGBnaG 
GGBGGGa 

GGGGGGG 
GGGGGGG 

GGoanDD 

GGGGGDD, 
□□□GGGO 





1 


□□□OBDO 

□ □□ a □ 00 

□ □ Boa □ □ 

□□BDDDD 

□ □ a n □ □ □ 
□□aaaoD 

□□BDDDD 

□ '□DBDDO 


□□aao^D 
□ □□an □ □ 
□ □□ na □□ 
□□□□ann 
□ □ □ □ a □ □ 

□□□□BGD 
□□□□BO^ 

□□□BonQ 
□□anann 


G G G a □ □ □ 

a □□ a n □ a 
□aaana^ 
□□aaana 

□ □ □ a □ □ □ 

□□BBBG^ 

□anaoa^ 
a^^anoa 

□□□aoDn 


□□□□□□□ 
□□□a^DO 

□ □ □ a □ □ □ 

□ □□ a^ □ □ 
a a a a a a a 

□ □ □ a □ □ □ 
□ □ □ a^ □ □ 
□ □ □a □ □ □ 
□□□□□□□ 


□□□□□□a 

□□□□DOO 
□aDGDOG 
□□□□□GO 
□□□□□□□ 
□□□GGGG 
□□□BGDG 
□aDBDDG 


GGDaGGG 
□□□GGOG 
GODOGGG 
□GGGGGG 

aaaaaBB 

aaaaaaa 
aaaaaaa 
□daaoGa 
oaadoaa 


GGGGDOG 
□OOGGGG 
GOGGGGG 
GGGGGGG 
G G Q □ □ □ □ 
□□□□□□□ 
□□□□□GG 
□□□GGGG 
GDGBGGG 


GGGGGGG 
GGGGGGB 
GGGGGBG 
□GGGBGG 
GGGBGGG 
□GBGGGG 
GBOGGGG 
■GaOGGG 
GGOGGGa 





1 1 


□□BBBOD 

□annDBD 
aoDDaBB 
aaDDBaa 

B □ □ BD □ B 
BDBDaDB 
■B □ □ □ □ B 
□ B DID a a □ 
□□■BBDO 


□ ana □ □□ 

□□BB^^^ 

□ a □a □□ □ 

□□□ann^ 

□ □ □ a □ □ □ 

□□□BO^^ 

□□□■□□□ 

□□□BD^^ 

□»»BaaD 


□aaaaao 

anno^^a 
□□□□□□a 
□□□□□an 
□ □ a a a □ □ 
□a □□ □ □ □ 
a □□□ □ □□ 
a □ □ □ □ □ □ 
BBBaaaB 


□aBBBBD 

BGaGona 

□□□□□□a 
□□□□□□a 

□□□BBBD 

□□□□□□a 
□□□□□□a 
a n □ n n n a 
□ a a a a ■ n 


□□□□aaa 
□□□aaaa 
G □ a G a □ □ 

GBG^a^G 

a □□□ BG □ 

aGGGBGG 
BBBBBBB 

□GGGBGG 

□ □ □ a □ □ 


BBBBBBB ' 

a □ □ □ □ □ □ 

BGOGnGG 
a GGGG GG 

BBaaaaa 

GGGnn^a 

□□□□□GB 
BOaGDGB 
□BBBBBG 


GGBBBBD 

GBGGDGB 

BGGGGDD 
BGGGGGG 

aGBBaan 

BBGGGGB 

BOIjlGGaB 
BGDGGaa 

GaaaBBG 


■■■BBBB 

OGODGGB 
GGGGGGB 
GGGGGBG 
GGGGBDG 
GGGBGGG 
GGBGGnO 
GBGOGGG 
BGGGGGG 


1 


1 1 


□BBBBBD 

BDODDDB 

BDDnaDa 

□BDaBBD 
□□BBBDD 

□BnaoBD 
aaDDDOB 
&□□]□□□« 
aBBBaao 


dBBBllBO 

a □ □□ □ n a 
aannn^a 
ana^^aa 
□aaaa^a 

□□□□□□ a 
□□□□□□a 
BODDaaa 

aBBBBQa 


□□□□□□□ 
□□□□□□□ 
□□□□□□□ 
□ □ G a G G 

G GG GG G G 
G G □ G G DG 
□□□B^^^ 
□□□□□□□ 
□□□□□□□ 


□□□□□□□ 

G G Q □ □ □ G 
G □ G □ G G G 
GG G a G G □ 
G G G G G G G 
G G G G G G G 
□□□BGGG 

□□BnOGD 


□ □ G G BG 
□□□□BGG 
GGOaGGG 
G G a G □ □ □ 
G a G G G G G 

□ □ a G G G G 
GGGBGGG 

□ □ □ □ a a □ 
iDoaaG BG 


GGGGGGD 
□□□GGGG 
GGGGGGO 

aaaaaaa 

GGG G GG G 

□Goon^^ 

BBBBBBB 

□GOGOGG 
G G GG G GG 


□ a □ □ G G G 
G G a G G G G 
GGGBGGG 
GonOBOG 
G G G G Q a G 
OGGGBGG 
GGGBGGG 
□□BDDDO 

□ ■□GDCIG 


□BBBBBQ 

B^nnnna 

□□□nnoB 
n □ n n n na 

□ □ □ □ a a □ 

□ □ □ a □ □ □ 

□□□BGGG 
GGGGGGG 
GGGBGGG 



•The letters In parenthesis Identify the control code corresponding to the appropriate pictorial represention. 
These r ipresentations were obtained from the USASI X 32 Code Practice Manual. 



IM2 



7x9 Character Font 6072 6172 



A Tilled In" Square Represents a Low Memory Output 



ASCII 
INPUT 
ADDRES 


s 


*6 *5 *4 



1 


1 


1 1 


10 


1 1 


1 1 


1 1 1 


*10*9*8' 
10 1 


f 


□□■■■■G 

■□■□■na 

■□■nBDB 


070^050403020, 

■nDGGDB 

■■■■■■■ 


0705050403020, 

BBBBBGG 

G ■ G G G ■ G 
GBGGGGB 
GBOGGBG 
GBBBBGD 
G B G G G B G 
GBGGGGB 
GBGGGBG 
BBBBBGG 


0705050403020, 

G □ BBB BG 

GBGGGGB 
BGGGGGG 
B G G G G n □ 
BGGGGGG 

■ G G G G G G 

■ G G G G G G 
G ■ □ G □ □ ■ 
□ G ■ ■ ■ ■ □ 


O7O6050403°2°1 

B ■ ■ a ■ G □ 

GBGGGBG 
GBGGGGB 
GBGGnGB 
GBGGGGB 
GBGGGGB 
GBGGGGB 
□ ■ G G □ ■ G 
■ ■ ■ ■ ■ G G 


0705050403020, 

■■■BBBB 

BGGGGGG 
BGGGGGn 
BGGGGGG 
■■■■■GG 

■ G G G G G G 
■QGGGGG 

■ G G G G G G 
■■■■■■ ■ 


O7O8O50403O2O, 
■■■■■■■ 

■GaOQDG 
■ G G G G G G 
B G G G G G 
BBBBBGG 

BGGGGGG 
BGGGGGG 
BGGGGGG 
BGGGGGG 


O7O6O5O4O3O2O, 
□□■■■■□ 
□■□□□□■ 
a □ D G G G G 
a G D G G G 
BG G G G G 
BGOGBBB 
B G G G a 
□B^GGBB 
□□BBBGB 


10 




1 


■■■■■■■ 


□ □ □ ■ GG □ 
□ G □ ■ □ □ □ 

□□□■□□G 

□□■■■□G 


□ □ G G G » 

□ □ G G G G B 

□ GG G G G ■ 
GO G G G G B 
G G G G G B 
GGGGGGB 
BGGGDDB 
GBGGGBG 
GGBBBGG 


■■■■■■■■■ 

GGGGGGGGG 
□GGG^GGGG 
□GDBG^GGQ 
□GBGGG^GG 
G^GGGGG^G 
■GGGGGGG^ 


■ G G G G G G 

■ G G Q G G G 

■ G G G G G G 

■ □ □ G G G G 

■ □ □ □ □ G □ 

■ G G G G G G 

■ G G G G □ G 

■ G G G GG □ 
■■■BBBB 


■ G G G G □ ■ 

■ G G G G G ■ 

■ ■ G G G^ ■ 

■ G ■ G ■ G ■ 

■ G G ■ G G ■ 

■ □ □ ■ G □ ■ 

■ G G BDG B 
BGGGGGB 
B G G G G G B 


BGGGGGB 

■ G G G G G ■ 
■■ G □ □□ ■ 

■ □ ■ □ G G ■ 
■ G □■ G □ ■ 
■□□□■□■ 
■□□□GIB 
■GGGGG^ 
BDGGGQB 


□ □ a a B □ G 

□ a □ □ □ a □ 

BOGOOGB 
a ODG □ GB 
BaGGGOB 
a GO G G OB 
a G G G G G a 
OB G G G BG 
□□BBBOG 


10 1 




O 


■ □ □ □ □ ■ 

■ □ D □ □ □ ■ 




B B B B B B G 

■ □ G □ □ □■ 

■ □ □ G □ G ■ 

■ G □ □ □ □ ■ 
■■■■■■□ 

■□□□□□■ 


□□■■■■□ 

G ■ G G G G ■ 

■ G G G Q G G 
G ■ G G G G G 
G □ ■ ■ ■ G G 
□ G G G G ■ G 
G G □ G G G ■ 

■ G □ □ ■ □ 
G ■ ■ ■ ■ □ G 


BB B BB BB 

B G G B G G B 

G G G B G G Q 
G G G B G G □ 
G G G B G G G 
G G G B G G G 
G □ G B G G G 
□□□■GOG 
□ □ □ ■ □ G G 


BGGGGGB 
BGGGGGB 
BGGGGGB 
B G G G □ G ■ 
BGGGGGB 
BGGGGGB 
BGGGGGB 
GBGGGBG 
□GBBBGG 


a □ □ □ □ □ B 
a □ □ □ □ □ a 
a G G □ □ G a 

GBGGGBG 

G a □ □ □ a □ 

□ a □ □ □ a □ 

□ □ a □ a □ □ 

□ G a □ a □ □ 

GGGBGGG 


Gaaaaaaaa 

aGGGGOGOG 
GBGGOGGDG 
GGBBaGDGG 
GBGOnGaOD 
BGOGGGGGG 
GBBBBBBBB 


10 1 




1 


■■□□□□□■a 

□□□■□■□□a 


DGGODGBGG 
GGGDnBDGG 

nnanDuaan 
aaaoanmaa 
nnaaaaamu 


■■■■■■■ 

G □ G G □ ■ 

□ D □ □ □ ■ G 

□ □ □ □ ■ G G 

□ □ G ■ G G G 
D □ ■ G □ G 
GBGODGG 
■DODDDG 


■■■■■■■ 

■ ■ G G G G G 

■ ■ □ □ G □ □ 

■ ■ □ □ □ G G 

■ ■ G G □ □ □ 

■ ■ G □ □ □ □ 
■ ■ OG □□ G 
■BGGGGD 


GGGGGGGGG 
□OGGGGBGG 
GGGGGGGGG 
GGGGGGGGG 
GGGGGGGGG 
GGGGGGGGG 
GGGGGGGGG 


G G G G G B B 
G G G G G B B 
G G G G G B B 
G G G G G B B 
G G G G G ■ B 
GGG GDBB 
GGG □□■■ 


GGBGGGGGG 
GGGBOGGGG 
GGGGBGGGG 
GGGGGBGGG 

GGGna^^^^ 

□DGBGGGGG 
□GBGGGGGD 


O G G 00 D G 
G G G G G 
G G G G G G 
G D G G G 
□ G O D G G G 
O G O G G □ 
G G 
G G OG □ G 


110 




) 


□□□□□□□□□ 
□□□□□□□□□ 

■■■□□□□□a 

□□□□□□□□□ 
□□□□□□□□□ 


■GGGaGMGG 

■■■■■■■GG 

GGGGGGGGG 


B G GG G □ □ 
B G G □ □ G G 

■ □ □□ G G G 
BGBBBGG 
BBGGGBG 
B G G GG ■ G 

■ G GG G B G 
■■GGGIG 
■□■■■GG 


GGOGGGGGG 
GGGGBGGBG 
GGDBGGGGB 
GGGBGGGGB 
GQGBGGGaB 
GGGBGGGGB 
GDGGBBBBG 


□aGGGGGGa 
■■■■■■■■■ 

GGGG^GGBG 
GGO^GGGG^ 
GGG^GGGG^ 
□GG^GGGG^ 
GGGGB^^^G 


GGGGGGGGG 
GGGG^^GGG 
GGG^GG^GI 
GDGBQGBG^ 
GGG^GG^GI 
□□□■GG^G^ 
□□□□■■■■□ 


GGGGBOGGG 
GGGGBQGGG 

aaaB^^aiG 

□□□□■□□□a 

GGGn^^GGB 

GGGGGGGBG 

GGGGGGGGG 


a a a a G 

a G o a a o 

a O G O O BO 
■GGOGBO 

a □ G G a a 

G a BB O BG 

G G ■ 
a G G G G a G 

a a a a G G 


1 1 u 




1 


■ ana □■ □ 


G □ □ □ □ □ □ 
□□□□□□□ 
G □ □ ■ □ □ □ 
G □ □ □ □ □ □ 
□□■■□□□ 

G G □ ■ □ □ n 

G G G ■ □ Q □ 
G G G^ G G G 
□ G ■■■ G G 


GGGGGGGGG 
■GI^^^^BG 

GGGGGGGGG 
GGGGGGGGB 
GQGGGGGGB 
□GQGGGGGB 
GGGGGGGBO 


BGGGGGG 
B GG G G BG 
BGGGBGG 
BGGBGGG 
B G B G G □ G 
BBOBGGG 
BGGGBGG 
■□□GGBG 


□GBBGGG 

GGGBGGG 
GDGBGGG 
GGGBGGG 
GGGBGGG 
GGGBGGG 
GGGBGGG 
GGDBGDG 
□GBBBGG 


■■■■■□GGG 

GGGGGGGGG 
GGGGGGGGG 
■■■■□GGGG 
GGGGGGGGG 
GGGG^DGGG 
■■■■□□□G^ 


BBBBaBGGG 

GGGGBGGa^ 
GGGGGBGGQ 
GGGGGBGOG 
GGGOGBGGD 
BBBa^OGDQ 

GGGDGGann 


G G D O 
GGGGGGG 
00 G DO G G 
G BB a BGG 
BOGGGBG 
a G GG G a G 
a G G OB G 
a □ OO G B G 

□ B ■ a a 


1 1 1 







■□□□DGG 


G ■ ■ ■ G ■ G 

■ G G G ■ ■ G 

■ G □ G □ ■ G 
■□□□□■□ 
■□□□■■□ 
G ■ ■ ■ G ■ G 

G G G G G ■ □ 
G G G G G ■ G 
G G G G D ■ □ 


D GG G G G G 
G G □ □ □ □ G 
□□□□□□□ 

■ □ ■ ■ ■ G G 

■ ■ G G G ■ G 

■ □ G G G G G 

■ G □ □ □ □ □ 

■ G G G G □ □ 

■ G G □ G G □ 


BGGGBGGGG 
BGGBGBGGG 
■GG^G^GGG 
■□G^G^GGG 
■GG^G^GGG 
□■■QG^GGG 
GGGGGGGGG 


G G G G G G 
□ G □ □ □ G G 
G G ■ G G □ G 
G G B G G G G 
G B B ■ G G G 
G G B G G G □ 
G G B Q G Q □ 
G GB G G B G 
G G G B ■ G G 


□ □ G □□ G G 
G G G G G G G 
G □ □ □ □ G □ 
■ G GG G ■G 
■ Q □ GG ■ G 
■□□□□■□ 
■□□□□■□ 
B G G G B B G 

□ ■■ ■ G ■ G 


□□□□■□□□□ 
□□□□□■□□□ 
□□□□□□■□□ 

OGGGG^^^^ 

□□GGGG^GG 
GGGGD^^^^ 
GGGGGGGGG 


GBaaaBGGG 

BOGDaGGGG 
GBOO^nOGG 

GaaaoGGGG 

GBGOaOGGG 
■GOGGGGDG 
□■■■■■□□G 


1 1 1 




1 


□□□□□□□DO 
DDOanDODB 


■ G □ G □ B □ 
■ GG □ □ ■ □ 

■ G G □ □ ■ □ 
■□□□D^O 
■□□□■■□ 
G ■ ■ ■ □ ■ G 
G G G G G ■ □ 

G^BBBGG 


□ □ G G G G G 

□ □ G G G G G 
G G □ □ □ □ G 
■■■■■■□ 
G Q G □ ■ G G 
GGQBGGG 
G G ■ □ G G G 
□BOODDD 
B B B B B B 


Q G G G ■ G G 
□ G G « G G G 
G G G ■ G G G 
G G G ■ G G G 
G G ■ G G G G 
G G G ■ G G G 
G G G ■ G G G 
Q □ □ ■ OG □ 
G G G □ ■ G G 


GGGGGGGGG 
GGGGGGGGG 
GGGGGGGGG 
BBBBGB^B^ 

GGGGGGGGG 
GGGGGGGGG 
□GGGGGGGO 


GGGGGGGGG 
GGGGGGGGG 
■GGGGGGGO 
G^^^G^^^G 

GGGGGGGGG 

GGGGGGGGG 
GGGGGGGGG 


GG^DDO^G^ 
■GGQ^^^^G 
□■GGG^^GG 
GGGGGGGGG 
■GGGGGGGO 
■GOGGGOGD 
□■GGGGGGG 


G ■ □ ■ □ ■ 
■ G ■ □ ■ □ ■ 

G^ □■ G BG 

a □ B^ a □ a 

□ a □ a a G 
a □ a QB G a 

□BQaaao 

BGBGBGB 
GB GBOB Q 

(DEL)* 
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Speed ^ 
Custom Character Generators 

52/6290 52/6291 52/6292 52/6293 



Features/ Benefits 

• Schottky— high speed 10MHz 

• SpeciflcaUy designed tor ci]^m7 x 9^.n^ 
font character generators ^ ^ \ ^ ' 

• Up to 128 characters in on#.pacl(age 

• Low power dissipation — SOQmW 

• Standard pacicaging — 24 pin d^ 

• Single 5 voit supply 

• 125 ns max. 



Applications 

• A single paclcage high speed bipolar replaqement for slow 
multiple package MOS character generators^ 

• CRT displays " " 

• Printing calculators . - . ^ _ 

• LED arrays 

• Typesetting 

• Navigation systems 

Description " • ^ 

A 7 X 9 font row scan character has 7 outputs and 9fpws per 
character. The character is formed one row at a time. 9 words of 
a ROM with 7 outputs per word are required for each character. 
128 characters required on 1152 x 7 fKM which is the size of the 
5290/1, 6290/1. For custom column scan 7x9 characters con- 
sult the standard bipolar 7X9 ctiaracter generator data sheet. 

Pin Configuration 

5290/1, S290lri (7 X 9 Row Scan) 





E 


— w— 

AO 


vcc 


E 




E 


»10 


A, 


E 




E 


*• 


Aa 


IT 




E 


»• 


*3 






E 




El 


E 




E 


*• 


ii 


E 








NO 


E 




E 


** 


NO 


E 




E 


Ol 


O7 


E 


Ei 


02 


Os 


E 




E 


03 


OS 


E 




i» 


QNO 


04 


E 



A 9 X 9 font character has 9 outputs and 9 rows of columns per 
character depending upon whether we are forming a row or 
column scan. 9 words of a ROM with 9 outputs per row are 
required for each character 128 charactersrrBqpira'an T152 x 9 

ROM which Is the 5292/3, 6292/3. 

A3, A2, A1, and AO pins are used to scan through the 9 ROM 
words per character. This is usually Implemented by "short 
counting" a 4-bit binary counter so that It counts from 0000 to 
1000 (9 counts) continuously (See applications section). A4 thru 
A10 are used to pick one of the 128 characters. M Is the least 
significant biriarydigitand A10 is the most significant binary digit. 
I 

The enable E1, ^d_E2 must both be low to activate the part. A 
disabled part (EfW'lg'high) has high memory outputs per- 
- mitting.«NiiejORir)g or blanking. 



- - A 

Custom Font 

ifs fisay tc go from custom fotjt to the punched card or tape 
format preferred by-Menolittiic Memories Inc. Several examples 
are shown. We have arbitrarily assumed that a character 
is formed by a seri^ of^tow meroot)y du^utar in a| background 
of high memory outputs. The assumption, of course can be 
reversed. 



5292/3, 6292/3 (9 x 9 Row orXoliAhH Scan) 



E 




AO 


Vcc 


E 


E 


A„ 








'■*I>V.. ■ e 7' ... 


A2 


E 


E 


Aa 


A3 


E 


E 


A7 




E 




*• 


ii 


E 




*»_ . 


09 


E 


* E 


*« 


08 


E 


E 


Ol 


O7 


E 


E 


02 


06 


E 


E 


03 


Os 


E 


E 


GHO 


04 


E 



Note 1): AO. Ai, A2, A3 are used for the character scan. 
2): Both enables mmt be low to advance the device. 



.ttft&*A(OIH9afflPm SHPO^ TWX: 910-339-9229 



Memories Uilul 



Input Voltage 

Off-state output voltage 

Storage temperature 

Operating Conditions 



7V 

5.5V 

.-65° to +150°C 



SYMBOL 


PARAMETER 


MILITARY 
WIN NOM MAX 


COMMERCIAL 
MIN NOM MAX 


UNIT 


Vcc 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 


T» 




Operating free-air temperature 


-65 , 125 


75 


"C 


■1 - ... . . ■ 

Electrical Characteristics over operating conditions 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


UlU TVD U A V 

MIn 1 jr MAa 


UNIT 


V 


L 


Low-level Input voltage 




0.8 


V 


V 


H 


High-level Input voltage 




2 




V 


C 


Input clamp voltage 


Vcc = l*""^ l| = -18mA 


. -1.5 


V 


h 




Low-level input current 


Vcc = MAX V, = 0.46V 


' ■ ' -0.25 


mA 




High-level input current 


Vcc = I^AX V| = 2.4V 


40 


UfK 


'I 




Maximum input current 


Vcc = V| = 5.5V 


1 


mA 


V, 

— 


)L 


Lowlevel output voltage 


Vcc = "^"^ 
V|L = 0.8V 
V|H = 2V 


Iql ~ 6mA 


0.5 

' .-. -T .1 


V 


V 


3H 


High-level output voltage 


Vcc = "^'N 
V|L = 0.8V 
V|H =2V 


MIL Iqh = -ImA 


2.4 


V 


COM Iqh = -SmA 


'OZL 


Off-state output current 


Vcc = '^^^ = 0^ 


-100 


UA 


ic 


>ZH 


Vcc " "^^^ Vq = 2.4V 


100 


^^ 


'c 


E 


Open collector output current 


Vcc = Vq = 2.4V 


100 


M 


'd 




Output short-circuit current 


Vcc = 5V Vq = OV 


-20 ' -90 


mA 


Ic 


C 


Supply current 


Vcc = MAX 
All inputs 
grounded 
All outputs open 


Open collector 


170 


mA 


Three state 


180 




lfr_ 
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Switching Characteristics . v ^ i- . . ^ ^ 

Over Operating Conditions 



DEVICE 
TYPE 


tAA(ns) 
ADDRESS ACCESS 
TIME 


tEA(ns) 
ENABLE ACCESS 
TIME 


tER(ns) 
ENABLE RECOVERY 
TIME 




MAX 


MAX 


MAX 


6290/1, 6292/3 


125 


75 


40 


5290/1, 5292/3 


150 


85 


50 



Input Pulse Amplitude 3.0V 

Input Rise and Fall Times Sfis from 1.0V to 2.0V 

Measurements Made at 1.SV 



S^ndli|rdl Test Load 



►75011 

OUTPUT O 1 T~~® 



>1S0011 



30pF 



Deff ititlon of Waveforms 



_1 X 



A, 



I 



-tAA- 



Address Access Time 



52/6290 52/6291 



Custom Truth Table Coding— 5290/1, 6290/1 



7x9 ROW SCAN 

Tlhe chamctlfs $, &, are shown belOw along with the flOHmseaifig. A "filled in* dot is arbitrfflny esasa^SWi i low (L) 





CHARACTER 












ROM 
WORD 
(DECIMAL) 






OUTPUTS 






FONT 






SELECT 














O7 




O5 


O4 


O3 


O2 




O7 0$ O5 O4 O3 O2 O1 


*10 


/ 


9 


As 


Ay 


As 


As 


A4 




A3 


A2 


Al 


Ao 


















L 






L 


L 


L 


L 


L 




f 

















H 


H 


L 


H 


L 


H 


H 

































1 


1 


H 


L 


L 


L 


L 


L 


L 




















* 










1 





2 


L 


H 


L 


H 


L 


H 


H 




















1^ , 










1 


1 


3 


L 


H 


L 


H 


L 


H 


H 




















^< 







1 








4 


H 


L 


L 


L 


L 


L 


H 


















<^ 

GC 
< 
I 








1 





1 


5 


H 


H 


L 


H 


L 


H 


L 























1 


1 





6 


H 


H 


L 


H 


L 


H 


L 























1 


1 


1 


7 


L 


L 


L 


L 


L 


L 


H 






















1 











8 


H 


H 


L 


H 


L 


H 


H 




L 






L 


L 


L 


L 


H 




z<i. ,.vt a 






' 9 


H 


L 


L 


H 


H 


H 


H 






























10 


L 


H 


H 


L 


H 


H 


H 






























11 


L 


H 


H 


L 


H 


H 


H 






























12 


H 


L 


L 


H 


H 


H 


H 




















CHARACTER #2 \ 


13 


H 


L 


L 


H 


H 


H 


H 






























14 


L 


H 


H 


L 


H 


L 


H 






























15 


L 


H 


H 


H 


L 


L 


H 






























16 


L 


H 


H 


n 


H 


L 


H 






























L 17 


H 


L 


L 


L 


L 


^ 


l_ 


□ ■ 1 ■ ■ D ■ 


H 






H 


H 


H 


H 


H 












f 1143 


H 


H 


H 


L 


H 


H 


H 






























1144 


L 


H 


H 


L 


H 


H 


L 






























1145 


H 


L 


H 


L 


H 


L 


H 






























1146 


H 


H 


L 


L 


L 


H 


H 




















CHARACTER #128^ 


1147 


H 


H 


H 


L 


H 


H 


H 




























1 


1 1148 


H 


H 


L 


L 


L 


H 


H 






























1149 


H 


L 


H 


L 


H 


L 


H 






























1150 


L 


H 


H 


L 


H 


H 


L 






























V 1151 


H 


H 


H 




H 




























1 






L 


H 


H 


□ □■ □ ■ D □ 












1 




-AS - 


i» 
















< — ■ 









Use of Cuslenit>lA>frtlH^I»'FeMt»— 5290/1, 6290/1 

Truth table forms are available from Monolithic Memories upon 
request. For customers desiring to make their own forms an ex- 
ample Is shown betow ccxjed to the 7x9 Row Scan example: 



NOTE: 
A high 



'Oitage on the data out lines is signified by an ''H". A 



number 
ample 



low voltige on the data out lines is signified by an "L". The word 



assumes positive logic on the address pin so for ex- 
lord 511 = HHHHHHHHH. 



WORD 


OUTPUTS 


NUMBER 


PIN 16 


15 


14 


13 


11 


10 


9 




07 


06 


05 


04 


O3 


O2 


O1 





H 


H 


L 


H 


L 


H 


H 


1 
• 
• 


H 


L 


L 


L 


L 


L 


L 


• 

1151 


H 


H 


H 


L 


H 


H 


H 
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Custom Truth Table Coding— 5292/3, 6292/3 

9x9 COLUMN SCAN 9x9 ROW SCAN 

The characters $,&,*, can be seen in the font if this page is The 9x9 row scan translation would be similar to the 7 x 9 row 
rotated 90° clocl<wlse. A "filled in" dot is arbitrarily coded with scan previously shown except that there would be a 9 x 9 font for 
a low (L). I I each character and outputs 8 and 9 in the ROM would be used 

and coded. 



"5 


3 


ACTER 
EGT 


ROM 
WORD 
(DECIMAL) 


OUTPUTS 


FONT 


09 


08 


O7 


06 


O5 


O4 


O3 


02 


O1 


Dn C\o Ci-r Dc C\a f^o C\n CiM 

y^o ^0 ^5 ^4 ^^3 ^2 ^1 






As 


/ 


^7 


Ae 


A5 


A4 


L 


L 


L 




L 


L 


L 


L 




f 8 


H 


L 


H 


H 


H 


L 


L 


H 


H 




7 


H 


L 


H 


H 


L 


H 


H 


L 


H 




6 


H 


L 


H 


H 


L 


H 


H 


L 


H 




5 


L 


L 


L 


L 


L 


L 


L 


L 






A 


H 


L 


H 


H 


L 


H 


H 


L 


H 




3 


L 


L 


L 


L 


L 


L 


L 


L 


L 




2 


H 


L 


H 


H 


L 


H 


H 


L 


H 




1 


H 


L 


H 


H 


L 


H 


H 


L 


H 






H 


H 


L 


L 


H 


H 


H 


L 


H 




L 
H 


L 
H 


L 
H 




L 
H 


L 
H 


L 
H 


H 
H 




r 


H 


H 


H 


H 


H 


H 


H 


H 


H 


□ □□□□□□□□ 


16 


H 


H 


H 


H 


H 


H 


L 


H 


L 




15 


H 


H 


H 


H 


H 


H 


L 


L 


H 




14 


H 


H 


H 


H 


H 


H 


L 


H 


L 




1 


H 


L 


L 


L 


L 


L 


H 


H 


L 




12 


L 


H 


H 


L 


L 


H 


H 


H 


L 




11 


L 


H 


H 


L 


L 


H 


H 


H 


L 




10 


L 


H 


H 


L 


L 


H 


H 


L 


H 




^ 9 


H 

H 


L 
H 


L 
H 


H 
H 


H 
H 


L 
H 


L 
H 


H 

H 


H 

H 




CHARACTER #128< 


f 1151 


□ □□□□□□□□ 


1150 


H 


L 


H 


H 


H 


H 


H 


L 


H 




1149 


H 


H 


L 


H 


H 


H 


L 


H 


H 




1148 


H 


H 


H 


L 


H 


L 


H 


H 


H 




1147 


L 


L 


L 


L 


L 


L 


L 


L 


L 


■ ■■■■■■■■ 


1146 


H 


H 


H 


L 


H 


L 


H 


H 


H 




1145 


H 


H 


L 


H 


H 


H 


L 


H 


H 




1144 


H 


L 


H 


H 


H 


H 


H 


L 


H 




V. 1143 


H 


H 


H 


H 


H 


H 


H 


H 


H 


□ □□□□□□□□ 



Use of Custom T^uth Table Form— 5292/3, 6292/3 

Truth table forms are available from Monolithic Memories upon 
request. For customers desiring to make their own forms an ex- 
arnple is sf^Wn below coded to the 9 x 9 column scan sKample: 



NOTE: 

A high voltage on the data out lines is signified by an "H". A low 
voltage on the data out lines is signified by an "L". The word 
number assumes positive logic on the address pin so for ex- 
ample word 5i1 = HHHHHHHHH. 

[j ^, 



WORD 


OUTPUTS 


NUMBER 


PIN 18 


17 


16 


15 


14 


13 


11 


10 


9 




09 


08 


07 


oe 


05 


04 


03 


02 


Ol 





H 


H 


L 


L 


H 


H 


H 


L 


H 


1 
• 
• 


H 


L 


H 


H 


L 


H 


H 


L 


H 


• 

1151 


H 


H 


H 


H 


H 


H 


H 


H 


H 



,1 
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m...- Introduction 



HHlHiMii HI REL^ 
















PAL® 




HAL 


EM 


HMSI 




1 FIFO 






Arithmetic Elements and Logic 


10 



1 Octal Interface 


12 




13 


K Die 


14- 


P General Information 


15 




16 




PAL Introduction 




Monolithic Memories' family of PAL devices gives design- 
ers a powerful tool with unique capabilities for use in 
new and existing logic designs. The PAL saves time and 
money by solving many of the system partitioning and 
interface problems brought .about by increases in 
semicondUGtpr device technology. ' 



The designer is confronted with another problem when a 
low to medium complexity product is designed. Often the 
function is weH defined and could derive sigrMcant ben- 
eftts from fabrica^jn as an integrated circuit. However, 
the design cycle for a custom circuit is long and the costs 
can be very high. This maizes the risk significant enough 
to deter most users. The technology to support maximum 
flexibility combined with fast turn around on custom logic 
has simply not been available. Monolithic Memori^ 
offers the programmable solution. 



Rapid advances in large scale integration technology 
have led to larger and larger standard logic functions; 
single I.C.s now perform functions that formerly required 
complete circuit cards. While LSI offers many advan- 
tages, advances have been made at the expense of 
device flexibility. Most LSI devices still require large 
numbers of SSIIMSI devices for interfacing with user 
systems. Designers, are still forced to turn to random 



The PAL family offers a fresh approach to using fuse 
programmable logic. PALs are a conceptually unified 
group of devices which comUrte programmable flexibil- 
ity with high speed and an extensive selection of in- 
terface options. PALs can lower inventory, cut design 
cycles and provide high complexity with maximum 
flexibility. These features, combined with lower pack- 
age count and high reliability, truly make the PAL a 
drcult designer^ best friend. 



PAL" Is a trademarli of MonolHhIc Msmorfes. 



PAL Introduction 



The PAL-TeaQhfng Oid PR^i 
New Tricks ' 




MMI developed the modern PROM and introduced many of the 
architectures and techniques now regarded as industry 
standards. As the world's largest PROM manufacturer, MMI has 
the proven technology and high volume production capability 
required to manufacture and support the PAL. 

The PAL Is an extension of the fusible linl< technology pioneered 
by Monolithic Memories for use in bi-polar PROMs. The fusible 
iinl< PROM first gave the digital systems designer the power to 
"write on silicon." In a few seconds he was able to transform a 
blank PROM from a general purpose device into one containing 
a custom algorithm, microprogram, or Boolean transfer function. 
This opened up new horizons for the use of PROMs in computer 
control stores, character generators, data storage tables and 
many other applications. The wide acceptance of this 
technology is clearly demonstrated by today's multi-million 
dollar PROM [market. 



The key to the PROM's success Js that it allows the designer to 
quickly and easily customize the chip to fit his unique 
requirements. The PAL extends this programmable flexibility by 
uJltJiiEing proven fusible link technology to implement logic 
functions. Using PALs the designer cgn quickly and effectively 
implement custom logic varying in complexity from random 
gates to complex arithmetic functions. 



ANDs and ORs 

The PAL im|}|^ments the familiar sum of prq<j)jcts logic by using 
a programniable AND array whos^ putptJt terms feed a fixed OR 



array. Since the sum of products form can express any Boolean 
transfer function, the PAL's uses are only limited by the number 
of terms available In the AND - OR arrays. PAL's come in dif- 
ferertt sizes to allow for effective logic optimization. 

Figure 1 shows the basic PAL structure for a two input, one output 
logic seGtment The genei^ tit^ie equation for this segment is 

Output = {li+H)(H+^)(t2+^)(ii+U) + 

(ii+<i)(ii+%)(i2+<7) (t^+'a) 

where the "f" terms represent the state of the fusible links in the 
PAL's AND array An unblown link represents a logic 1. Thus, 

fuse blown, f ?= 

fuse intact, f = 1 

An unprogrammed PAL has all fuses intact. 



1— 




OUTPUT 



Figure 1 



PAL Notation 

Logic ecluatlons, while convenient for small functions, rapidly 
become cumbersome in large systems. To reduce possible 
confusion, complex logic networks are generally defined by logic 
diagrams and truth tables. Figure 2 shows the logic convention 
adopted to keep PAL logic easy to understand and use. In the 
figure, an "x" represents an intact fuse used to perform the logic 
AND function. (Note: the input terms on the common line with 
the x's are not connected together) The logic symbology shown 
in Figure 2 has been informally adopted by integratied circuit 
manufacturers because It clearly establishes a one-to-one 
correspondence between the chip layout and the logic diagram. 
It also allows the logic diagram and truth table to be combined 
into a compact and easy to read form, thereby serving as a 
convenient shorthand for PALs. The two input - one output ex- 
ample from Figure 1 redrawn using the new logic convention is 
shown in Figure 3. 
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Figure 3 

As a simple PM. example, consider the ImplementaUon of the 
transler function: 

Output = lii^ + h'a 
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lormal combinatorial logic diagram for this function Is 
In figure 4, with the PAL logic equivalent shown in fig- 



Figure 4 




Figure 5 



Using this logic convention it Is now possible to compare the 
PAL structure to the structure of the more familiar PROM and 
PLA. The basic logic structure of a PROIW consists of a fixed 
AND array whose outputs feed a programmable OR array 
(figure 6). PROMs are low-cost, easy to program, and available 
in a variety of sizes and organizations. They are most commonly 
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The basic logic structure of the PLA consists of a programmable 
AND array whose outputs feed a programmable OR array 
(Figure 7). Since the designer has complete control over all in- 
puts and outputs, the Pl-A provides the ultimate flexibility for im- 
plementing logic functions. They are used In a wide variety of 
applications. However, this generality mal<es PLA's expensive, 
quite formidable to understand, and are costly to program (fhey 
require special programmers). 



The basic logic structure of the PAL, as mentioned earlier, 
consists of a programmable AND array whose outputs feed a 
fixed OR array (Figure 8). The PAL combines much of the 
flexibility of the PLA with the low cost and easy programmabillty 
of the PROM. Table 1 summarizes the characteristics of the 
PROM, PLA, and PAL logic families. 
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Figure 7 
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PROM 


Fixed 


Prog 


TS, OC 


FPLA 


Prog 


Prog 
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FPGA 


Prog 


None 


TS, OC, Pusible Polarity 


FPLS 


Prog 


Prog 


TS, Registered Feedback, I/O 


PAL 


Prog 


Fixed 


TS, Registered, Feedback, I/O 
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^ Simu taneous AND-OR and AND-NOR outputs Table 2 

PMjs For Every Task 

The members of the PAL family and their characteristics 
are summarized in Table 2. They are designed to cover the 
spectrum of logic functions at reduced cost and lower package 
coun . This allows the designer to select the PAL that best fits 
his a| iplication. PAI^ come in the following basic configurations: 



Gteie Arrays 

PAL gate arrays are available in sizes from 12x10 (12 input terms, 
10 output terms) to 20x2, with both active high and active low 
outputconfigurations available. This wide variety of input/output 
formats allows the PAL to replace many different sized blocl<s of 
combinatorial logic with single pacltages. 



Prolgrammable I/O 

A feature of the high-end members of the PAL family is 
programmable input/output. This allows the product terms to 
directly control the outputs of the PAL (Figure 9). One product 
term s used to enable the three-state buffer, which in turn gates 
the summation term to the output pin. The output is also fed 



back into the PAL array as an input. Thus the PAL drives the I/O 
pin when the three-state gate is enabled; the I/O pin is an input 
to the PAL array when the three-state gate is disabled. This 
feature can be used to allocate available pins for I/O functions or 
to provide bi-directional output pins for operations such as 
shifting and rotating serial data. 
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Figiire 9 
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Regist^i^ Outputs with Feedback 

Another feature of the high end members of the PAL family is 
registered data outputs with register feedbacl<. Each product 
term is stored into a D-type output flip-flop on the rising edge of 
the system clocl< (Figure 10).The Q output of the flip-flop can 
then be gated to the output pin by enabling the active low 
three-state buffer. 

INPUTS, FEEDBACK AND I/O 



■41 



In addition to being available for transmission, the Q output is 
fed bacl< into the PAL array as an input term. This feedbacl< 
allows the PAL to "remember" the previous state, and it can 
alter its function based upon that state. This allows the designer 
to configure the PAL as a state sequencer which can be 
programmed to execute such elementary functions as count up, 
count down, sl<ip, shift, and branch. These functions can be 
executed by the registered PAL at rates of up to 20 MHz. 




CLOCK 



Figure 10 



XOR PALs 

These PALs feature an exclusive OR function. The sum of 
products Is segmented into two sums w/hich are then exclusive 
ORed (XdR) at the input of the D-type flip-flop. All of the 



features of the Registered PALs are included in the XOR PALs.[ 
The XOR function provides an easy implementation of the 
HOLD operation used in counters. { 




Figure 11 



Arithmetic Gated Feedbacic 

The arithmetic functions add, subtract, greater than, and less 
than are implemented by addition of gated feedbacl< to the 
features of the XOR PALs. The XOR at the input of the D-type 
flip-flop allows carrys from previous operations to be XORed 
with two variable sums generated by the PAL array. The flip-flop 



Q output is fed back to be gated with input terms I. This 
gated feedback provides any one of the 16 possible Boolean 
combinations which are mapped in the Karnaugh map (figure 
14). Figure 13 shows how the PAL array can be programmed to 
perform these 16 operations. These features provide for versatile 
operations on two variables and facilitate the parallel generation 
of carrys necessary for fast arithmetic operations. 
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Figure 12 
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Figure 14 



It shduld now be clear that the PAL family can replace most 
Small Scale Integrated Logic (SSI) logic in use today, thereby 
lower ng product cost and giving the designer even greater 
flexib; lity in imptefnenffhg Ic^ic functions. - 



PAL Programming 

PALs can be programmed in most standard PROM program- 
mers with the addition of a PAL personality card. The PAL 
appears to the programmer as a PROM. During programming 
half of the PAL outputs are selected for programming while 
the other outputs and the inputs are used; for addressing. The 
outputs are then switched to program the other locations. 
Verification uses the same procedure with the programming 
lines held in a low state. 
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PAL Technology 

PALs are manufactured using the proven TTL Schottky bipolar 
Tl-W fuse process used to make fusible-link PROMs. An NPN 
emitter follower array forms the programmable AND array. PNP 
inputs provjdjS high-impedance inputs (0.25 i^jA max) to the ar- 
ray. All outputs are standard TTL drivers with internal active 
pull-up transistors. Typical PAL propagation delay time is 25 ns, 
and all PALs are packaged In space saving 20-pin and 24-pin 
SKINNYDIP" 



PAL Data Security 

The circuitry used for programming and logic verification can 
be used at any time to determine the Idgic pattern stored in the 
PAL array. For security, the PAL has a "last fuse" which can 
be bloyvn to disable the verification logic. This proyicl^^a^^i^rii^ 
cant deterrent to potential copiers, and it can be used to 
effectively protect proprietary designs. 



Programmable Array Logic Family 



PAlf Series 20 

U.S. Patent 4124899 



March 1981 



Features/ Benefits 



• Programmable replacement for conventional TTL 

logic. 

• Reduces IC Inventories substantially and simplifies 
tlwi| control. 

• Reduces chip count by 4 to 1. 

• Expedites and simplifies prototyping and board 
layout. 

• Saves space with 20-pin SKINNY DIP® paclcages. 

• High speed: 25ns typical propagation delayi 

• Programmed on standard PROM programmers. 

• Programmable three-state outputs. 

• Special feature reduces possibility of copying by 
competitors. 



Description 



The F M. family utilizes an advanced Schottky TTL process and 
the B polar PROM fusible link technology to provide user pro- 
grammable logic for replacing conventiorial SSI/MSI gates and 
flip-flops at reduced chip count. 



The family lets the systems engineer design his own chip" by 
blowing fusible links to configure AND and OR gates to perform 
his desired logic function. Complex interconnections which 
previously required time-consuming layout are thus "lifted" from 
PC board etch and placed on silicon where they can be i 
modified during prototype check-out or production. 



PART 



PAL10H8 
PAL12H6 
PAL14H4 
PAL16H2 
PAL16C1 
PAL10L8 
PAL12L6 
PAL14L4 
PAL16L2 
PAL16L8 
PAL16R8 
PAL16R6 
PAL16R4 
PAL16X4 
PAL16A4 



PKG 



N.J.F 
N,J,F 
N.J.F 
N.J.F 
N.J.F 
N.J.F 
N,J,F 
N.J.F 
N.J.F 
N.J.F 
N.J.F 
N.J.F 
N.J.F 
N,J 
N,J 



DESCRIPTION 



Octal 10 Input And-Or Gate Array 
Hex 12 Input And-Or Gate Array 
Quad 14lnput And-Or Gate Array 
Dual 16 Input And-Or Gate Array 

16 Input And-Or/ And-Or-invert Gate Array 
Octal 10 Input And-Or-lnvert Gate Array 
Hex 12 Input And-Or-lnvert Gate Array 
Quad 14 Input And-Or-lnvert Gate Array 
Dual 16 Input And-Or-lnvert Gate Array 
Octal 16 Input And-Or-lnvert Gate Array 
Octal 16 Input Registered And-Or Gate Array 
Hex 16 Input Registered And-Or Gate Array 
Quad 16lnput Registered And-Or Gate Array 
Quad 1 6 Input Registered And-Or-Xor Gate Array 
Quad 16 Input Registered And-Carry-Or-X6r Gate 



Unused inputs are tied directly to Vqc O' GND. Product terms 
with all fuses blown assume the logical high state, and product 
terms connected to tx>th true and complement of any single 
input assume the logical low state. Registers consist of D type 
flip-flops which are loaded on the low to high transition of the 
clock. PAL Logic Diagrams are shown with all fuses blown, 
enabling the designer use of the diagrams as coding sheets. 



The entire PAL family is programmed on inexpensive con- 
ventional PROM programmers with appropriate personality and 
socket adapter cards. Once the RAL is programmed and ver- 
ified, two additranal fusm may be bk>wn to defeat verification. 
This feature gives the user a proprietary circuit which Is very 
difficult to copy 



Ordering information 



The PAL transfer function is the familiar sum of products. Like 
the PROM, the PAL has a single array of fusible links. Unlike the 
PROM, the PAL is a programmable AND array dhving a fixed 
OR array (the PROM is a fixed AND array driving a 
programmable OR array). In addition the PAL provide these 
options: 

• \feriable input/output pin ratio 

• Programmable three-state outputs 

• Registers with feedback 
Arithmetic capability 

s a registered trademark ol Monolithic Memories. 



PROQRAMMABLE ARRAY LOCHC MMILY 
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■ OUTPOT TYPE 
H-ACTWE HIGH 
L=AcnvELOW 
C < COMPLEMENTARY 

X > EXCLUSIVE-OR REQISTERED 
A = ARITHMETIC REQISTEREO 



- NUMBER OF OUTPUTS 

- TEMPERATURE RANGE 

c = oc TO *nc 

M = -550 TO *125C 

- PACKAGE 

N ' PLASTIC DIP 
J ' CERAMIC DIP 
F = FLAT PACK 

- OPTIONAL HI-REL PROCESSING 

USB ' ■IHL-STD..M3. METHOD 5004 S 5005 LEVEL B 

s?SL!ssisrsw^s%rs5,^^ 
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Off-State output Voltage rr.-.'. . .T^.'.-.r. - - . 

Storage temperature -65° to +150°C 

Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


Vcc 


i 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 




1 


Width of clock 


Lov» 


25 10 


25 10 


ns 


High 


25 10 


25 10 


• tsu 




Set up time from 
input or feedback 


16R8 16R6 16R4 


45 25 


35 25 


ns 


16X4 16A4 


55 30 


45 30 


th 




Hold time 


-15 


-15 


ns 






Operating free-air temperature 


-55 


5 75 


»C 


Tc 


r- 


Operating case temperature 


125 




"C 


ElM 


trical Characteristics Om Opwatlng CondWom 


SYMI 


lOL 


' PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 






Low-level input voltage 




0.8 


V 


V|| 




High-level input voltage 




2 


V 


Vl( 




Input clamp voltage 


Vcc " "^'^ 'l = -18mA 


-0.8 -1.5 


V 


l|L 




Lo»/-level input current f 


Vcc = '^'^ V| = 0.4V 


-0.02 -0.25 


mA 


l|H 




High-level input current f 


Vcc = '^'^ V| = 2.4V 


25 


A.A 


'1 




Maximum input current 


Vcc = MAX V| = 5.5V 


1 


mA 


Vc 

t ; 

• i 

\ r 


L 




Vcc = MIN 
V|L = 0.8V 
V|H = 2V 


10H8,12H6, 14H4 
16H2, 16C1,10L8 
12L6, 14L4, 16L2 


MIL „ , 
Ini - 8mA 

COM 


0.3 0.5 


V 


16L8 16R8 
16R6 16R4 
16X4 16A4 


MIL 'OL = 12mA 


CC8WI Iql = 24mA 




)H 


High-level output voltage 


Vcc = ^'N 
V|L = 0.8V 
V|H = 2V 


MIL Iqh = -2mA 


2.4 2.8 


V 


COM Iqh ^ -3.2mA 


lo 


ZL 


Off-state output current f 


Vcc = MAX 

V|L = 0.8V 
V|H = 2V 


16L8 16R8 

16R6 16R4 
16X4 16A4 


Vq = 0.4V 


-100 


^A 


'OZH 


Vq = 2.4V 


100 






s 


Output short-circuit current** 


Vcc = 5V Vq = OV 


-30 -70 -130 


mA 


iqc 


Supply current 


Vcc = MAX 


10H8, 12H6. 14H4. 16H2. 16C1 

10L8. 12L6, 14L4, 16L2 


55 90 


mA 


16R4, 16R6, 16R8, 16L8 


120 180 


16X4 


160 225 


16A4 


170 240 



t I/O pin leakage is the worst case of Iq^x " 'ix * ' ' 'il 'oZH' 
ft A II typical values are at = ^'^■'^a " 
*.T lese are absolute voltt^ wftft isspect to pin 10 on the device anel Includes all oversho^ttue ia»i)mum and/or tetler naise. 
0} notaflemptfo'lKfViesevalues 'Without SuHablA equipment. 
** Only one output shorted at a time. 
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Switching Characteristics 



Over Operating Conditions 



SYMBOL 


PARAMETER 


TEST 
CONDITIONS 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 






10H8 12H6 14H4 














tpD 


Input to 
output 


16H2 10L8 12L6 
14L4 16L2 


Rl = 560n 

R2 = i.ikn 




, ..|- . 


25 


■ 35 


ns 






1801 




25 


45 


25 


40 




tpD 


Input or feed- 


16R6 16R4 16L8 




25 


45 


25 


35 


ns 


Isack to output 


16X4 16A4 ■ 




30 


45 


30 


40 




Clock to output or feedback 


15 


25 


15 


25 


ns 


'PZY 


Pin 11 to output enable 


=200fi 
R2-390n 


15 


25 


15 


25 


ns 


'PXZ 


Pin 11 to output disable 


15 


25 


15 


25 


ns 


'pzx 


Input to 


16R6 16R4 16L8 


25 


45 


25 


35 


ns 


output enable 


16X4 16A4 




30 


45 


30 


40 


tpxz 


Input to 


16R6 16R4 16L8 




25 


45 


26 


35 


ns 


output disable 


16X4 16A4 




30 


45 


30 


40 


'max 


Maximum 


16R8 16R6 16R4 




14 25 


16 25 


MHz 


frequency 


16X4 16A4 




12 22 


14 , « ,?2-. 


e.^i' ; 



Test Load 



I 



-0 TEST POINT 



►r, :±; sopF 



Schematic of Inputs and Outputs 



»ccO 



EQUIVALENT INPUT 



TYPICAL OUTPUT 



INPUT O 




O'cc 



Available Programmers 



MANUFACTURER 


PERSONALITY 
CARD SET 


SOCKET ADAPTER 
CONFIGURATION 


Data I/O Corporation 


909-1427 


715 1428-1 
715 1428-2 
715 1428-3 


Pro-Log Corporation 


PM9068 




Stag Systems 


PM202 


AM10H8 AM10L8 
AM12H6 AM12L6 
AM14H4 AM14L4 
AM16H2 AM16L2 
AM16C1 


Structured Design 


SD20/24 
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Programming 

PAL fuses are programmed using a low-voltage linear-select 
procedure which Is common to all 15 PAL types. The array is 
divided into two groups, products thru 31 and products 32 thru 
63, for which pin identifications are shown in Pin Configurations 
t)elow. To program a particular fuse, both an input linjs and a 
produc: line are selected adcdrding to'thefoUowfrig procedure: 



Step 1 Raise Output Disable, OD, to V||^|^ 



Step 5 Program the |^|^ pt^in^ghe 9^{)ut pins, O.tof^ 
selected product group to Vj^as^qwn in ProjjiOTt; 



Step 6 Lower Vcc (pin 26)%'fe<fv 



/.Y 



Step 2 
Steps 
Step 4 



Voltii8»_L«iiand: 



Select an input line tsy specifying Iq' H < '2- '3> U- 's- '6- '7 
and L/R as shown Jn Table 1. 

Select a product line t>y specifying Ag- A^l andA2 one-of- 
eight select as shown in Table 2. . j' ^. 

Raise Vqq (pin 20) to V^^^ 



Step 7 Pulse*flife'CUOCK|i»fn and verify the output pin, O, to be ' 
Low for active Ld*^PAL types or High for active High 
PAL types.-, 

St^ 8-LovKer VpC (pin 20) to 4.5 V and repeat step 7. 

Step 9 Should the output not veriV. riepeat steps 1 thru 8 up to 

five (5) times. 

This procedure is repeated for all fuses to be blown (see 
Programming Waveforms). 

To prevent further verification, two last fuses may be blown by 
raising pin land pin 11 to Vp.Vpc is not required during this 
opeiation. 



L = Low-level input voltage, V||_ 
H = High-level input voltage, V|h 



INI'UT 
UI4E 
NUMBER 




1 

2 
3 
4 

5 
§ 
7 
8 
9 
10 
11 
12 
13 
14 
?5 

15 

18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
:S0 

;51 



PIN IDENTIRCATION 



l7 "6 '5 '4 '3 '2 h IQ L/R 



HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 

L 

H 

L 

H 



HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 

L 

H 

L 

H 

HH 
HH 
HH 
HH 



HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 

L 

H 

L 

H 

HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 



HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 

L 

H 

L 

H 

HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 



HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 

L 

H 

L 

H 

HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 



HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 

L 

H 

L 

H 

HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 



HH 
HH 
HH 
HH 

L 

H 

L 

H 

HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 



L 
H 

L 
H 

HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 
HH 



Z 
Z 

HH 
HH 

Z 

Z 

HH 
HH 

Z 

Z 

HH 
HH 

Z 

Z 
HH 
HH 

Z 

Z 

HH 
HH 

Z 

Z 

HH 
HH 

Z 

Z 

HH 
HH 

Z 

Z 

HH 
HH 



HH = High-level program voltage, V|hh 
Z = High impedance (e.g., lOkO to 5.0V) 



PRODUCT 




PIN IDENTIRCATION 




LINE 






























NUMBER 


O3 


O2 


01 


Oo 


A2 


A1 


Aq 


0, 32 


Z 


Z 


z 


HH 


z 


Z 


Z 


1 , 33 


Z 


Z 


z 


HH 


z 


Z 


HH 


2. 34 


z 


z 


z 


HH 


z 


HH 


Z 


3, 35 


z 


z 


z 


HH 


z 


HH 


HH 


4, 36 


z 


z 


z 


HH 


HH 


Z 


Z 


5, 37 


z 


z 


z 


HH 


HH 


Z 


HH 


6, 38 


z 


z 


z 


HH 


HH 


HH 


Z 


7, 39 


z 


z 


z 


HH 


HH 


HH 


HH 


8, 40 


z 


z 


HH 


Z 


Z 


Z 


Z 


9, 41 


z 


z 


HH 


Z 


z 


Z 


HH 


10, 42 


z 


z 


HH 


z 


z 


HH 


Z 


11, 43 


z 


z 


HH 


z 


z 


HH 


HH 


12, 44 


z 


z 


HH 


z 


HH 


Z 


Z 


13, 45 


z 


z 


HH 


z 


HH 


Z 


HH 


14, 46 


z 


z 


HH 


z 


HH 


HH 


Z 


15, 47 


z 


z 


HH 


z 


HH 


HH 


HH 


16, 48 


z 


HH 


z 


z 


Z 


Z 


Z 


17, 49 


z 


HH 


Z 


z 


z 


Z 


HH 


18, 50 


z 


HH 


z 


z 


z 


HH 


Z 


19, 51 


z 


HH 


z 


z 


z 


HH 


HH 


20, 52 


z 


HH 


z 


z 


HH 


Z 


Z 


21, 53 


z 


HH 


z 


z 


HH 


Z 


HH 


22, 54 


z 


HH 


z 


z 


HH 


HH 


Z 


23, 55 


z 


HH 


z 


z 


HH 


HH 


HH 


24, 56 


HH 


Z 


z 


z 


Z 


Z 


Z 


25, 57 


HH 


Z 


z 


z 


z 


Z 


HH 


26, 58 


HH 


z 


z 


z 


z 


HH 


Z 


27, 59 


HH 


z 


z 


z 


z 


HH 


HH 


28, 60 


HH 


z 


z 


z 


HH 


Z 


Z 


29, 61 


HH 


z 


z 


z 


HH 


Z 


HH 


30, 62 


HH 


z 


z 


z 


HH 


HH 


Z 


31, 63 


HH 


z 


z 


z 


HH 


HH 


HH 



Table 1 1nput Line Select 



Table 2 Product Line Select 
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PAL Series 20 



Pin Configurations 



PRODUCTS THRU 31 



PRODUCTS 32 THRU 63 



c 


OD 


vcc 


3 


E 


CLOCK 


vcc 


3 


E 


N) 


Oo 


3 


E 


k) 


L R 


3 


E 


H 


Ot 


3 


E 


h 


*0 


3 


E 


l2 


02 




E 




Al 


3 


E 


l3 


O3 


3 


E 


h 


*J 


3 


E 


'* 


*0 


3 


E 




Oo 


3 


E 


Is 


*1 


B 


E 


'5 


01 


3 


E 


Is 


A2 


3 


E 


l6 


02 


3 


E 


l7 


L R 


3 


E 


I7 


O3 


3 


E 


GND 


CLOCK 


3 


E 


GND 


OD 


3 



Programming Paramotors t^ = 25°c 



SYMBOL 




PARAMETER 


LIMITS 
MIN TYP MAX 


UNIT 


V|HH 




Program-tevel input voltage 


11 11.5 12 


V 


'iHH 




Program-level input current 


Output Program Pulse 


50 


mA 


OD, UR 


25 


All Other Inputs 


5 


'OCH 




Program Supply Current 


400 


mA 


Tp 




Program Pulse Width 


10 50 




tD 




Delay time 


100 


ns 


'dv 




Delay Time to Verify 


100 


MS 






Program Pulse duty cycle 


25 


% 


Vp 




Verify-Protect-input voltage 


20 21 22 


V 


Ip 




Verify-Protect-input current 


400 


mA 


Tpp 


Verify-Protect Pulse Width 


20 50 


msec 



Programming Wavoforms 

V|HH 

OD 



Vcc 
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1 . 




2 3 4 S 8 S 12 13 1GI7 20 71 2425 28 29 30 31 



<0 

S 

m 

I- 



3 
Q 
O 



=B=t> 



3:0 



1 2 3 4 5 8 9 12)3 IB 17 2021 2425 ZS293031 
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u 



o 



6^9 



PAL12II6 



INPUTS (0-31) 



12 3 4 5 6 7 SB 12 13 16 17 Z0Z1 242S2627 2B293D31 




3:^ 



0123 4SBT SO 1213 1617 2021 242S2S27 20213031 



Logic Diagram PAL14H4 



INPUTS (0-31) 

1 2 3 4 S 6 7 S 9 1011 1213 1617 2021 22 23 242526 27 26293031 



CO 

S 

flC 



flC 




) I 3 4 S 6 I ■ 91011 unUIS 1I1T1I1I »I2I12» 14252(27 21293031 



iizi 4iti I mil MtsMit :»»nti nnna u»mB mmMn 
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INPUTS (0-31) 

11 2 3 4 S 6 7 B 9ian 121314 IS 16 1718 19 2021 22 23 24252627 28293031 



lU 
K 

3 

a 
o 




1 2 3 4 B B 7 a g ID 11 12 1314 IS 1G 1718 IS ?0?1 22 73 24 26 25 27 28 2930 31 



6<2I 



^f..'^ ueip^.tf:: .M^'<r i Logic Diagram PALI 0L8 

INPUTS (0-31) 

Q 1 Z 3 4 5 B 9 12 13 16 IT Z0Z1 24Z5 ZI2S3031 



CO 

S 

ce 
111 

& 
3 
Q 
O 



:&0 



4 1 -t f 1213 H17 2121 242S a2S3l3T 



PAL.Seiia»20 



Logic Diagram PAL12L6 



CO 



IE 

Ul 5 



o 
o 



INPUTS (0-31) 



QI23 4SB7 BS 1Z13 16 17 2021 242SZG27 21293031 




1123 4967 19 ' 't213 1917 '»l]1 ''HlSi627 29293991 < 
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11 2 3 4 S 6 7 8 9 10 11 12 13 1617 2021 22 23 2425Z6Z7 28233031 




0123 4S67 89 1St1 WIT 2921 22 23 MSZeZT »»3031 



6^24 



(0 

S 

flC 

lU 5 

ti 

3 
O 

o 



INPUTS (0-31) 

1 Z 3 4 5 G 7 I S1011 IZUMtS 1t171l19 1031211) MIS1BI7 2IZ93I31 





D t I 3 4 S 6 7 ■ 91011 I113M1S tOWtltO 20112113 14IS2I27 21203031 
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Logic Diagram PAL16L8 



INPUTS (0-31) 



12 3 4 5 6 7 8 9 1011 1Z13U15 1G171S19 ;0212ZZ3 24252621 28293031 
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9 — 
lo- 
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INPUTS (0-31) 



2 3 4 5 6 7 8 9 1D11 121311 IS 16171819 2Q21Z223 2426.2627 2S293031 



Logic Diagram PAL16R8 










3^ 




Q 

f-> a 



D Q 
> Q 



D O 
> Q 



D Q 
> Q 



D Q 

> 5 



D Q 

^ 5 



D a 
~t> 5 



D 
> Q 



B I 2 3 4 S « I I I nil 11131415 lillUlt 2121^23 MttU^ ^9.3I» 
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Logic Diagram PAL16R4 



INPUTS (0-31) 



17 3 4 S 6 7 8 3 10 11 12 13 M 15 16 17 18 19 2DZ1 22 23 24 25 26 27 2829 30 31 




1 2 3 4 SST ■■1111 1213141S 11171111 2I21S23 H252I2T nn»31 
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PI 


1 F 


PI 




PI 


\l P 



PIN G 



PIN L 



PIN 



PIN H 



PIN I 



PIN J 



PIN M 



PIN N 



PIN O 



PIN fl 



COMM-.NT 



A 3 C D E F Q H f J K L M N O P Q R 



COMMENT 



LEGEND: " H HIGH,.,. C CLOCK . ' Z 0>F 

h LOW X IRRELEVANT 



TITLE 



COMPANY. CITY, STATE 



PIN 1 


PIN 2 


PIN 3 




PIN 4 


PIN 5 










r, 




GND 


P/Ai 


6 


PIN 7 


PIN 8 




PIN 9 


PIN 10 


PIN 


11 


PIN 12 


PIN 13 




PIN 14 


PIN 15 

vcc 


PIN 


16 


PIN 17 


PIN IB 




PIN 19 


PIN 20 



EQUATIONS 
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Description 







LEGEND; = EQUA'L- • . X®R • ■ - / ©OMPtEMeNT • - 

:= REPLACED BY * AND ;*: XNOR ( ) THREE-STATE 

$-33 



Programmable Array Logic Family 

PAL® Series 24 

U.S. Patent 4124899 - - - - - 



Featu res/ Benefits 

• Programmable replacement for conventional TTL logic. 

• Reduces IC inventories substantfaljy and simplifi«s_theii: 
control. ■ ' • 

• Reduces chip count by 5 to 1. 

• Expedites and simplifies prototyping and board layout 

• Saif^ space with 24-pin SKINNYDIP" packages. 

• Pre^rwimied on s t a Bda r d PROM ptogrammera. 

• Programmable Ihree-siate outputs. 

• Special feature reduces possibility of copying by competitors. 



Description 

The PAL Series 24 family complements the PAL Series 20 family 
by providing two additional inputs and two additional outputs, 
allowing more complex functions in a single package. This new 



family 



Is made feasible by the Monolithic Memories new and 



revolutionary 24-pln SKINNYDIP" 

In addition to providing more logic function per chip, 24 pins 
allows for many natural functions which were previously un- 
available in sidnny 300 mil-wide pacl<ages. Examples Include: 

• 8-bit parallel-in parallel-out counters 

• 8-blt parailel-ln parallel-out «hift registers - 

• le-li^ne-to-l-Line Multiplexors 

• Duaj-S-Line-to-l-Line-MultipiKcore- — 

• Quad 4-Line-to-1-Line Multiplexors 

These natural functions provide twice the density of traditional 

16-pin packages. 

The PAL family utilizes an advanced Schottky TTL process and 
tlie Bipolar PROM fusible link technology to provide user 
programmable logic for replacing conventional SSI/MSI gates 
and flip-flops at reduced chip count. 

The family lets the systems engineer "design his own chip" by 
blowing fusible links to configure AND and OR gates to perform 
his desired logic function. Complex interconnections which 
previously required time-consuming layout are thus "lifted" from 
PC board etch and placed on silicon where they can be easily 
modified during prototype check-out or production. 

The PAL transfer function is the familiar sum of products. Like the 
PROM, the PAL has a single array of fusible links. Unlike the 
PROM, the PAL is a programmable ANDarray driving a fixed OR 
array (the PROM is a fixed AND array driving a programmable 
OR array). In addition the PAL provides these options: 

• Variable input/output pin ratio 

• Programmable three-state outputs 

• Flegisters with feedback .- - . - - — 



PART 
NUMBER 


PKG 


PAL12L10 


J.N 


PAL14L8 


J.N 


PAL16L6 


J.N 


PAL18L4 


J.N 


PAL20L2 


J.N 


PAL20C1 


J.N 


PAL20L10 


J.N 


PAL20X10 


J.N 


PAL20X8 


J,N 


PAL20X4 


J,N 



DESCRIPTION 



Beca 1? Input And-Or-lnvert Gate Array 
Octal l4lnput And-Or-lnvert Gate Array 

Hex 16lnput And-Or-lnverf Gate Array 
Quad IBInput And-Or-lnvert Gate Array 
Dual 20lnput And-Or-lnvert Gate Array 

20 Input And-Or/And-Or Invert Gate Array 
Deca 20 Input And-Or-lnvert Gate Array 
Deca 20 input Registered And-Or-Xor Gate Array 
Octal 20 Input Registered And-Or-Xor Gate Array 
Quad ZOInput Registered And-Or-Xor Gate Array 



Unused inputs are tied directly to Vcc or GND. Product terms 
with all fuses blown assume the logical high state, and product 
terms connected to both true and complement of any single input 
assume the logical low state. Registers consist of D type flip-flops 
which are loaded on the low to high transition of the clock. PAL 
Logic Diagrams are shown with all fuses blown, enabling the 
designer use of the diagrams as coding sheets. 

To design a PAL. the user writes the logic equations using PAL 
DESIGN SPECIFICATION standard format (F108). This specifi- 
cation may be submitted to Monolithic Memories where it is 
computer processed and assigned a bit pattern number, eg 
P0123. Monolithic Memories accepts the PAL DESIGN SPECIFI- 
CATION In one of the three forms: 

1. Computer generated listings. 

2. Typed or hand-written forms F107 and F108. 

3. Direct on line data transmission to Monolithic Memories 
Timeshare computer system via telephone (local telephone 

- networic to-major U:S. cities,- Ijondon-tmd-Pari^ w-TWX 
online Boston TWX No.). 

The entire PAL family is programmed on inexpensive conven- 
tional PROM programmers with appropriate personality and 
sPOk^t.^daptercards^OnQettie PAL i§ programmed and verified, 
two additional fuses may be blown to defeat verification. This 
feature gives the user a proprietary circuit which is very difficult 
totopy. 

Ordering Information 

PROGRAMMABLE ARRAY LOGIC FAMILY 

NUMBER OF ARRAY INPUTS 



- OUTPUT TYPE 

L = ACTIVE LOW 

C = COMPLEMENTARY 

X = EXCLUSIVE OR REGISTERED 

R = REGISTERED 

-NUMBER OF OUTPUTS ■ - 

-TEMPERATURE RANGE 

C = 00 TO +75C 

M = -55C TO +125C 
-PACKAGE 

N = PLASTIC DIP 

J = CERAMIC DIP 

- HI-REL SCREENING 

LEVEL SEE "SeREENma 

OPTIONS 



SKINNVOP is a registerod tradamorfc of Monolithic Mnnories 



PAL20X8CJ 883B 



1165 East Arques Avenue, Sunnyvale, OA 94086 



Tel: (408) 739-3535 TWX: 910-339-9^9 



Monolithic |S1?T| 
Memories UUtuI 
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PAL16L,g 



PAL18L4 




PAL20X8 



PAL20X4 





Input Voltage 

pif-state output Voltaipe 
'Storade temperature . . 



12V* 



5.5V 



5.5V 12V 

. . . -65° to +150°C 



Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


Vcc 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 


'w 




Width of clock ; 


Low 


40 20 


35 20 


ns 


High 


30 10 


25 10 






Set up time • , 


60 38 


50 38 


ns 


th 




Hold time 


-15 


-15 


Ta 




Operating free air tempeiatune 


-65 


75 


»c 


Tc 




Operating case temperature 


125 




°c 


Elec 


trical Characteristics over operating conditions 


SYMi 


lOL 


PARAMETER 


TEST (XMIDinoiil 


MIN TYPft MAX 


UNIT 


V|L 




1 nu/-li0\/nl inmif wnltnnp 




U.O 


W 
V 


V|H 


High-level input voltage 




2 


V 


V|^ 


Input clamp voltage 


Vcc = "^^'N Ij = -18mA 


-0.8 -1.5 


V 


l|L 




Low-level input current f 


Vcc = V| = 0.4V 


-0.02 -0.25 


mA 


l|H 




High-level input current f 


Vcc = ^'^^ V| = 2.4V 


25 


A/A 


l| 




Maximum input current 


Vcc " '^^^ V| = 5.5V 


1 


mA 


vo 


L 


Low-level output voltage 


Vcc = ^"^ 
V||_ = 08V 

V|H = 2V 


12L10, 14L8, 16L6 
18L4, 20L2, 20C1 


'OL " ^'"^ 


0.3 0.5 


V 


20L10, 20X10 
20X8, 20X4 


MIL Iql = 12mA 


COM Iql = 24mA 




H 


High-level output voltage 


Vcc = MIN 
ViL = 0.8V 
V|H = 2V 


IqH = -2mA MIL 


2.4 5.8 


V 


'oh " ~3-2f"* COM 




;l 


Off-state output current f 


Vcc = ^'^^ 
V|L = 0.8V 
V,H = 2V 


Vq = 0.4V 


-100 




'gzh 


Vq = 2.4V 


100 


^^ 




Output short-circuit cufrent * * 


Vcc = 5V Vq = OV 


-30 -70 -130 


mA 


ic 


c 

1- 


Supply current 


Vcc = "^^^ 


12L10. 14L8, 16L6, 
18L4, 20L2, 20C1 


iO 100 


mA 


20X4, 20X8, 20X10 


120 180 


20L10 


90 165 



^ l/d pin leakage is the worst case of Iq^x '|X 'iX 'OZH 

tt AI|typicalvaluesareatV^^ =5V.T^ = 25'C. 

« Pins 1 and 13 may be raised to 22V max. 
♦ * Only one output shorted at a time. 



PAL SmAa* 2# 



Switching CharaetfristicB 

Over Operating Conditions 



SYMBOL 


PARAMETER 


TEST CONDltlONS 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


tpD 


Input to 
output 


12L10, MLS, 
16L6, 18L4, 
20L2, 20C1 


Ri = seoH ' " ''' 
R2 = i.ikn 


25 


45 




25 


40 


ns 


'PD 


input or feedbacl( to output 




35 


60 




35 


50 


ns 


'CLK 


Ciocl< to output or feedbacic 


20L10, 20x10 

20X8, 20X4 

Ri = 2oon 
R2 = 390n 


20 


35 




20 


30 


ns 


'PZX 


Pin 13 to output enable 


20 


45 




20 


35 


ns 


*PXZ 


Pin 13 to output disable 


20 


45 




20 


35 


ns 


'pzx 




Input to output enable 


35 


55 




35 


45 


ns 


'pxz 




Input to output disable 


35 


55 




35 


45 


ns 






Maximum frequency 




10.5 16 


12.5 


16 







Test Load 



5V 




TEST POINT 



Schematic of Inputs and Outputs 
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PAL Series 24 



Programming 

PAL fuses are programmed using a low-voltage linear-select 
procedure which is common to all PAL types. The array is 
divided into two groups, products thru 39 and products 40 
thru 79. for which pin identifications are shown in Pin 
Configurations below. To program a particular fuse, both an 
input line and a product line are selected according to the 
following procedure: 

Step 1 RaiseOutputDlsable, OD, toV|HH- 



Step p Select an input line by specifying Ig, H, I2. I3. U' 'S' '6' 

I7, Ig, I9 and L/R as shown in Table 1. 

Step 3 Select a product line by specifying Ag, A-) and A2 
one-of-eight select as shown In Table 2. 

Step I Raise VqC (P*n 24) to V|hh 

- - - f»L-'- 

VortiljBC' L#gcn<f *- - l-ow-level input voltage, Vil 

~ . _ . . H High-level input voltage. V|H 

HH = High-level program voltage, Vihh 
Z - High impedance (e.g. 10K n to 5: 



Step 5 Program the fusfjl^y^pujsing the output pins, O, of the 
selected product grouptoVmH ^s showm in Program- 
ming Waveform. 

Step 6 Lower Vqq (pin 24) to 6.0 V. 

Step 7 Pulse the CLOCK pin and verify the output pin, O, to 
be Low for active Low PAL types or High for active 
High PAL types. 

Step 8 Lower Vqq (pin 24) to 4.5 V and repeat step 7. 

Step 9 Should the output not verify, repeat steps 1 thru 8 up 

to five (5) times. 
This procedure Is repeated for all fuses to be blown (see 
Pt«igramming Waveforms). 

To prevent f urthpr verification, two last f us^ may be blown by 
raising pin 1 and pin l3toVp. V^j^ l.s notteqiiired during this 
operation. j i- 4; !, 



,0V) 





INPUT 






PIN IDENTIFICATION 
















PIN IDENTIFICATION 








LINE 


























LINE 






























































UMBER 


Iq 


lo 
•8 


I7 


■s 


is 


u 


I3 


h 


. 

'1 


In 


L/R 






"4 


O3 


02 


0-1 


Op 


A2 











HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


L 


z 




40 


z 


z 


Z 


z 


HH 


z 


z 


z 




1 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


H 


z 




1 41 


z 


z 


z 


z 


HH 


z 


z 


HH 




2 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


L 


HH 




2, 42 


z 


z 


z 


z 


HH 


z 


HH 


z 




3 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


H 


HH 




3 43 


z 


z 


z 


z 


HH 


z 


HH 


HH 




4 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


L 


HH 


Z 




4 44 


z 


z 


z 


z 


HH 


HH 


z 


z 




5 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


H 


HH 


Z 




5 45 


z 


z 


z 


z 


HH 


HH 


z 


HH 




6 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


L 


HH 


HH 




6, 46 


z 


z 


z 


z 


HH 


HH 


HH 


Z 




7 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


H 


HH 


HH 




7, 47 


z 


z 


z 


z 


HH 


HH 


HH 


HH 




8 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


L 


HH 


HH 


Z 




8, 48 


z 


z 


z 


HH 


Z 


z 


Z 


Z 




9 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


H 


HH 


HH 


Z 




9. 49 


z 


z 


z 


HH 


Z 


z 


Z 


HH 




10 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


L 


HH 


HH 


HH 




10, 50 


z 


z 


z 


HH 


Z 


z 


HH 


Z 




11 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


H 


HH 


HH 


HH 




11, 51 


z 


z 


z 


HH 


z 


z 


HH 


HH 




12 


HH 


HH 


HH 


HH 


HH 


HH 


L 


HH 


HH 


HH 


Z 




12, 52 


z 


z 


z 


HH 


z 


HH 


Z 


Z 




13 


HH 


HH 


HH 


HH 


HH 


HH 


H 


HH 


HH 


HH 


Z 




13, 53 


z 


z 


z 


HH 


z 


HH 


Z 


HH 




14 


HH 


HH 


HH 


HH 


HH 


HH 


L 


HH 


HH 


HH 


HH 




14, 54 


z 


z 


z 


HH 


z 


HH 


HH 


Z 




15 


HH 


HH 


HH 


HH 


HH 


HH 


H 


HH 


HH 


HH 


HH 




15, 55 


z 


z 


z 


HH 


z 


HH 


HH 


HH 




16 


HH 


HH 


HH 


HH 


HH 


L 


HH 


HH 


HH 


HH 


Z 




16, 56 


z 


z 


HH 


Z 


z 


Z 


Z 


Z 




17 


HH 


HH 


HH 


HH 


HH 


H 


HH 


HH 


HH 


HH 


Z 




17, 57 


z 


z 


HH 


Z 


z 


z 


Z 


HH 




18 


HH 


HH 


HH 


HH 


HH 


L 


HH 


HH 


HH 


HH 


HH 




18, 58 


z 


z 


HH 


z 


z 


z 


HH 


Z 




19 


HH 


HH 


HH 


HH 


HH 


H 


HH 


HH 


HH 


HH 


HH 




19, 59 


z 


z 


HH 


z 


z 


z 


HH 


HH 




20 


HH 


HH 


HH 


HH 


L 


HH 


HH 


HH 


HH 


HH 


Z 




20, 60 


z 


z 


HH 


z 


z 


HH 


Z 


Z 




21 


HH 


HH 


HH 


HH 


H 


HH 


HH 


HH 


HH 


HH 


Z 




21, 61 


z 


z 


HH 


z 


z 


HH 


Z 


HH 




22 


HH 


HH 


HH 


HH 


L 


HH 


HH 


HH 


HH 


HH 


HH 




22, 62 


z 


z 


HH 


z 


z 


HH 


HH 


Z 




23 


HH 


HH 


HH 


HH 


H 


HH 


HH 


HH 


HH 


HH 


HH 




23, 63 


z 


z 


HH 


z 


z 


HH 


HH 


HH 




24 


HH 


HH 


HH 


L 


HH 


HH 


HH 


HH 


HH 


HH 


Z 




24, 64 


z 


HH 


Z 


z 


z 


z 


Z 


Z 




25 


HH 


HH 


HH 


H 


HH 


HH 


HH 


HH 


HH 


HH 


Z 




25, 65 


z 


HH 


Z 


z 


z 


z 


Z 


HH 




26 


HH 


HH 


HH 


L 


HH 


HH 


HH 


HH 


HH 


HH 


HH 




26, 66 


z 


HH 


z 


z 


z 


z 


HH 


Z 




27 


HH 


HH 


HH 


H 


HH 


HH 


HH 


HH 


HH 


HH 


HH 




27, 67 


z 


HH 


z 


z 


z 


z 


HH 


HH 




28 


HH 


HH 


L 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


Z 




28. 68 


z 


HH 


z 


z 


z 


HH 


Z 


Z 




29 


HH 


HH 


H 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


Z 




29. 69 


z 


HH 


z 


z 


z 


HH 


Z 


HH 




30 


HH 


HH 


L 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 




30, 70 


z 


HH 


z 


z 


z 


HH 


HH 


Z 




31 


HH 


HH 


H 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 




31, 71 


z 


HH 


z 


z 


z 


HH 


HH 


HH 




32 


HH 


L 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


Z 




32, 72 


HH 


Z 


z 


z 


z 


Z 


Z 


2 




33 


HH 


H 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


Z 




33, 73 


HH 


z 


z 


z 


z 


z 


Z 


HH 




34 


HH 


L 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 




34, 74 


HH 


z 


z 


z 


z 


z 


HH 


Z 




35 


HH 


H 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 




35, 75 


HH 


z 


z 


z 


z 


z 


HH 


HH 




36 


L 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


Z 




36, 76 


HH 


z 


z 


z 


z 


HH 


Z 


z 




37 


H 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


Z 




37, 77 


HH 


z 


z 


z 


z 


HH 


z 


HH 




3a 


L 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 




38, 78 


HH 




2 


z 


z 


HH 


HH 


Z 




39 


H 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 


HH 




39, 79 


HH 


2 


z 


z 


z 


HH 


HH 


HH 



Tabte 1 1nput Uim SaiacI 



Tabl* 2 Predud Lhw Selact 



Pin COnf iQUrStiOnS products O thru 39 PRODUCTS40THRU79 
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OD 


Vcc 


HI 


E 


CLOCK 


Vcc 


El 


E 


lo 


Oo 




E 


lo 


L/H 


m 


E 


I1 


Oi 


22] 


E 


H 


Ao 




E 


I2 


02 


ID 


E 


I2 


Ai 


E 


E 


I3 


03 


20] 


E 


I3 


A2 


20] 


E 


I4 


04 


ill 


E 


I4 


NC 


1 


E 


Is 


NC 


ill 


E 


Is 


Oo 


1 


E 


l6 


A2 


13 


E 


l6 


0, 




E 


I7 


*1 


1 


E 


I7 


02 


1 


E 


>S 


AO 


1 


E 


Is 


03 




Oi 


I9 


L/R 




E 


I9 


04 




E 


GND 


CLOCK 






GND 


OD 


20 



Programming Parameters Ta = 2s°c 



SYMBOL 


PARAMETER 


LIMITS 
MIN TYP MAX 


UNIT 


V|HH 


Program-level input voltage 


11.5 11.75 12 


V 


'IHH 


Program-level input current 


Output Program Pulse 


50 


mA 


OD, L/R 


50 


All Other Inputs 


5 


'CCH 


Program Supply Current 


400 


mA 


Tp 


Program Pulse Width 


10 50 


MS 


'D 


Delay time 


100 


ns 


'dv 


Delay Time to Verify 


100 


/JS 




Program Pulse duty cycle 


25 


% 


Vp 


Verify-Protect-input voltage 


20 2T 22 


V 


Ip 


Verity-Protect-input current 


400 


mA 


Tpp 


Verity-Protect Pulse Width 


20 50 


msec 



Programming Waveforms 
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INPUTS (0-39) 

D 1 2 3 1 b 6 7 S g U 11 16 T7 20 21 2a 2S IS 19 12 33 34 35 36 3! 3S 19 



CO 

S 

cc 

UJ 

I- 

d 

a 
o 
e 
a 



Logic Diagram PAL14L8 



&I> ^ 

B=I> - 



8=0- 



8=E>- 



6>41 



ML SwrlM 24 



Logic Diagram PAL16L6 



INPUTS (0-39) 

17 1 4 & G T I 9 to II 12 13 16 17 ID 71 W li 71 79 » 31 II 33 34 3S 36 37 31 39 



I 
M 

s 

ce 
12 



Q 
O 
K 
Q. 



a I 1 3 4 5 I f 



It » 13 It IT a a » it Za 3D 31 31 3) H 3« W 37 » 



30- 




B=I>- 




Logic Diagram PALI 8L4 

INPUTS {0-«9) 

2 3 4 5 6 7 8 9 10 11' ■ 13: J? H " 17 20 2\ 24 25 26 27 28 29 30 31 32 33 34 35 3G 37 38 39 



3^ 
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30- 



30- 
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Logic Diagram PAL20C1 

INPUTS (0-39) 

1 ; 3 4 S 6 I 8 9 10 11 12 n 14 IS IE 17 IB 19 2(1 21 27 23 24 25 IS 21 28 29 30 31 32 33 34 3S 36 37 38 39 




12 1 * i 6 1 B 9 ID II TI 13 U 1S IB IT IS It N 21 U ^ H IS U 27 ZS M M 31 U S) M IS 36 37 H M 
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PAL S«4m 24 



Logic Diagram PAL20X10 



INPUTS (0^39) 
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Logic Diagram PAL2pX4 



INPUTS (0-39) 



CO 

S 

oc 
111 
I- 

3 
Q 
O 
(C 




'0121 « S S r I 9 10 n 1! II 14 IS le t1 IB tl ' lO'II U Zl I« 2S 28 Z) ^t^ M 30 31 11 31 H U 3t it 31 31 



PAL 



PART NUMBER 



USER'S PART NUMBER 



REV 



-ir-i^ - PAt. DESIGN SPECIFICATION 

/ / 



NAME 



DA TE 



TITLE 



COMPANY. CITY. STATE 



PIN 1 



PIN 7 



PIN 13 



PIN 19 



PIN. 2 



PIN 8 



PIN 14 



20 



PIN 3 



PIN 9 



PIN 21 



PIN 4 



PIN 5 



PIN 10 



PIN 16 



PIN 22 



PIN 11 



PIN 17 



PIN 23 



PIN 6 
GND 



PIN 12 
PIN 18 

vcc 

PIN 24 



EQUATIONS 



I ■ 

DBSjCRIPTION! 



LEGEND: 



EQUAL 

REPLACED BY 



+ OR 
* AND 



. ,: + : XQR 

:*: XNOR 



/ COMPLEMENt 
( ) THREE-STATE 
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FUNCTION TABLE 



PIN A PIN B PIN C PIN D PIN E PIN F 



PIN ($ I PIN H PIN I PIN J PIN K PIN L 



PIN H 


1 


PIN N PIN O PIN P PIN PIN R 


PIN S 




PIN T PIN U PIN V 


COMMEN 


r 

COMMENT 


A B 




D D E F G H 1 JKLMNOPQRSTUV 















































LEGEND: H HIGH C CLOCK Z OFF 
L LOW X IRRELEVANT 



***** - _■ ■■_ -^J** ^ - ^«*t ^ M • - ... .r- ; 

F107 - _ . _ 




Character Generators 




HMSI 



p Arithmetic Elements and Logic 
iVIultlpllers/Dlviders 

Octal Interface 

Leadless 



10 



11 



12 



13 



General Information 
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Hard Array Logic Family 

HAL Series 20 Data Sheet 



Features/ Benefits 

• Gale array equivalent of up to 200 gates. 

• Semi-custom solution 

• Repuces SSI/MiSI cliip count greater than 4 to 1. 

• Prototype using field-programmable version — PAL. 

• Cost savings up to 40% compared to PAL. 

• Sefairity link disabled for design secrecy. - 

• Te^t andl simulattenintide^aiiqiie wW 

Table. " , * " ' 

• Sajres space wHh 20-pln SKINNYDIP" packages. 

• Power consumption Is directly proportional to logic 
complexity. 

DeLcriptlon ^" 

The HAL family utilizes standard Low-Power Schottky TTL 
process and automated mask pattern generation directly 
from logic equations to provide a semi-custom gale array for 
replacing conventional SSI/MSI gates and flip-flops at re- 
duced chip count. 

The family lets the systems engineer "design his own chip" 
by AND and OR gates to perform his desired logic function. 
Complex interconnections which previously required time- 
consuming layout are thus "lifted" from PC board etch and 
placed on silicon where they can be easily modified during 
prototype check-out or production. 

The HAL transfer function is the familiar sum of products. 
Like the ROM, the HAL has a single array of selectable gates. 
Unlike the ROM, the HAL is a selectable AND array driving a 
fixed OR array (the ROM is a fixed AND array driving a 
selectable OR array). In addition the HAL provides these 
options: 

• Variable input/output pin ratio 

• Programmable three-state outputs 

• Registers with feedback 

• Ar^hmetic capability 

Unusjed inputs are tied directly to Vqq or GND. Product terms 
with all fuses blown assume the logical high state, and product 
terms connected to both true and complement of any single 
input assume the logical low state. Registers consist of D type 
flip-flops which are loaded on the low-to-high transition of the 
clock. HAL Logic Diagrams are shown with all fuses blown, 
enabling the designer to use the diagrams as coding sheets. 

To design a HAL, the user first programs and debugs a PAL 
using PALASM and the "PAL DESIGN SPECIFICATION" 
standard format. This specification is submitted to Monolithic 
Memories where it is computer processed and assigned a bit 
pattern number, e.g. P01234. 



PART 
NUMBER 



HAL10H8 
HAL12H6 
HAL14H4 
HAL16H2 
HAL16C1 
HAL10L8 
HAL12L6 
HAL14L4 
HAL16L2 
HAL16L8 
HAL16R8 
HAL16R6 
HAL16R4 
HAL16X4 
HAL16A4 



PKG 



J,N,F 
J,N,F 
J,N,F 
J,N,F 
J.N.F 
J.N.F 
J.N.F 
J,N,F 
J.N.F 
J,N,F 
J,N,F 
J,N,F 
J.N.F 
J,N,F 
J,N,F 



DESCRIPTION 



Octal fOlnput And-Or Gate Array 
Hex 12lnput And-Or Gate Array 
Quad 14 In put And-Or Gate Array 
Dual leinput And-Or Gate Array 

1 6 Input And-Or/ And-Or-lnvert Gate Array 
Octal 10 Input And-Or-lnvert Gate Array 
Hex I2lnput And-Or-lnvert Gate Array 
Quad 14 Input And-Or-lnvert Gate Array 
Dual leinput And-Or-lnvert Gate Array 
Octal 16 Input And-Or-lnvert Gate Array 
Octal 16 Input Registered And-Or Gate Array 
Hex 16 Input Registered And-Or Gate Array 
Quad IBInput Registered And-Or Gate Array 
Quad 1 6 Input Registered And-Or-Xor Gate Array 
Quad IBInput Registered And-Carry-Or-Xor Gate 



Monolithic Memories accepts thePAL DESIGN SPEaFICATION 
in one of three forms: 

1. Computer generated listing. 

2. Typed or hand-written forms F109 and F110. See example 
on pages 6-7 and forms on pages 23-24. 

3. Direct online data transmission to Monolithic Memories 
Timeshare computer system via telephone (local telephone 
network to major US cities, London and Paris) or TWX 

(online Boston TWX no.). 

Monolithic Memories will provide a PAL sample for customer 
qualification. The user then submits a purchase order for a 
HAL of the specified bit pattern number, e.g. HAL14L4 P01234. 
See Ordering Information below. 

Ordering Information 



- HARD ARRAY LOOK MMLV 

- NUMBER OF ARRAY WPUTS 

- OUTPUT YPE 

H ' ACTIVE HIQH 

L ° ACTIVE LOW 

C ' COMPLEMENTARY 

R = REGISTERED 

X - EXCLUSIVE-OR REGISTERBS 

A ' ARITHMETIC REGISTERED 

- NUMBER OF OUTPUTS 

- TEMPERATURE RANGE 

C= OCTOtrSC 
M»-55C TO «12SC 
. PACKAGE 

N = PLASTIC DIP 
J : CERAMIC DIP 
F = FLAT PACK 

- OPTIONAL HI-REL PROCESSmO 

an = MIL-ST0.M3, 

METHOD S004 A SOM LEVEL S 
M3C'MIL-STD.W3, 

METHOD SOM A 500S LEVEL C 
B-ML-STD-Sn, METHOD S004 EQUIVALENT 
C=MIL-STO.Ma, METHOD SOM EQUIVALENT 



HAL14 L4 CJ 883B P01234 



11 65 East Al^um Awsnua, Sunnywie, CA 94086 
7-2 



T«i:(4oa)7»-353s Twxsio-'aag-aas 



m 



HAL Logic Symbols 



HAL 10H8 

E 

E- 
E- 
E 
E 
E 
E 
E 



HAL12H6 



HAL14H4 



HAL16H2 



HAL16C1 



- iE>Iil 

AND li~%-'i6| 
GATE 4<r=^ 
ARRAY I4_>- m 

=E>j3 
3 




20j 

ID 

m 
m 

ID 

ID 
ID 
ID 



HAL12L6 




HAL14L4 
\j 



HAL16L2 

2o1 [T 1 20] 



HAL16L8 



ID E 
ID E 
E 



^£>3 [7 

ID E 

ID E 

ID E 



O^ID E 



AND 
GATE 



ID 
ID 
ID 
ID 



ID 
ID 
ID 
ID E 

















AND 




OR 




GATE 




ARRAY 















-ID 

IDI 
31 

-ID 
ID 
ID 



ID 
ID 



HALI6R8 HALI6R6 HAL16R4 HAL16X4 HAL16A4s 




7*3 » 



HAL Series 20 



sjoraje lemperaiure 

0|ie rating Conditions 



9 T IV1 






MILITARY 

■ ! , TYP MAX 


COMMERCIAL 

MIN TYP MA;' 






c 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 






Width of clock 


Low 


25 10 


25 10 


ns 


High 


25 10 


25 10 






Set up time from 
input or feedback 


16R8 16R6 16R4 


45 25 


35 25 


ns 


16X4 16A4 


55 30 


45 30 


ilh 




Hold time 


-15 


-15 


ns 






Op^fatlng free-air temperature , ^ 




f 75 


°C 






Operating case temperature " ' ^ 


125 




°C 



Ele<Btricai Characteristics over operating conditions 



SYMBOL 



PARAMETER 



TE$T CONDITIONS 



MIN TYP It MAX 



'IL 



Low-levei input voltage 



0.8 



'IN 



High-level input voltage 



Input clamp voltage 



Vcc 



MIN 



-18mA 



-0.8 -1.5 



Low-level input current t 



Vcc = I^AX 



0.4V 



-0.02 -0.25 



i|H 



High-level input current f 



V, 



CC 



MAX 



"I 



2.4V 



25 



Maximum input current 



Vcc = 



V, = 5.5V 



■Vol 



Low-level output voltage 



Vcc 


= MIN 


V|L 


= 0.8V 


V|H 


= 2V 



10H8,12H6,14H4 
16H2, 16C1,10L8 
12L6, 14L4, 16L2 



16L8 16R8 
16R6 16R4 
16X4 16A4 



MIL 
COM 



IQL 



8mA 



MIL IqL = "l^mA 



0.3 



0.5 



COM Iql = 24rriA 



V3H 



High-level output voltage 



V|L = 0.8V 
V|H = 2V 



MIL 



OH 



-2mA 



2.4 2.8 



COM 



'OH 



-3.2mA 



CiZL 



tpZH 



Off-state output current f 



Vcc = ^'^^ 
V|L = 0.8V 
V|H = 2V 



16L8 16R8 
16R6 16R4 
16X4 16A4 



0.4V 



-100 



Vq = 2.4V 



100 



OS 



Output short-circuit current** 



Vcc = 5V 



Vo 



OV 



-30 -70 



-130 



'cc 



Supply current 



Vcc = MAX 



1 0H8, 1 2H6, 1 4H4, 1 6H2, 1 6C1 
10L8, 12L6, 14L4, 16L2 



55 



90 



16R4, 16R6, 16R8, 16L8 



See Table 1 180 



16X4 



160 



225 



16A4 



170 



240 



•6 



eg-. Ill and 



'OZH 



pin leakage is theworstcase of 'qzx 'IX 
typical viafues are at =5V, f^ = SS'G; 

are absolute voftac^s with respect to pin 10 on the/device and incfudes all overshoots due tp system and/or tester noise, 
not attempt tO-test ihese values--»vwthout suMBble.>ei(|U)^^ — ^ . . , . . 

* * dniy one output shorted at a time. 



* These a 
Do r 
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HAL Series 20 



Switehing 



SYMBOL 


PARAMETER 


TEST 

ci^ra^iii. 


MILITARY 

Miw j:tp..^iww 


COMMERCIAL 


UNIT 


1 




10H8 12H6 14H4 
















! 1 


Input to 
output 


16H2 10L8 12L6 
14L4 16L2 


Rl = 560n 
R2 = 1.1kn 




25 


45 


25 


35 


ns 






16C1 






25 


45 


25 


40 




¥d 


Input or feed- 


16R6 16R4 16L8 






25 


45 


25 


35 


ns 


back to output 


16X4 16A4 






30 


45 


30 


40 


<CLK 


Clock to output or feedback 






15 


25 


15 


25 


ns 


tpZY 


Pin 11 to output enable 






15 


25 


15 


25 


ns 


*PXZ 


Pin 11 to output disable 


=200n 




15 


25 


15 


25 


ns 


tpzx 


Input to 


16R6 16R4 16L8 


R2 = 390n 




25 


45 


25 


35 


ns 


output enable 


16X4 16A4 






30 


45 


30 


40 


tpxz 


Input to 


16R6 16R4 16L8 






2S 


45 


25 


35 


ns 


output disable 


16X4 16A4 






30 


45 


30 


40 


•max 


Maximum 


16R8 16R6 16R4 




14 


25 




16 25 


MHz 


frequency 


16X4 16A4 




12 


22 




14 22; 



TestLAad 



^B; y SOpF 



Schematic of Inputs and Outputs 

EQUIVALENT INPUT TYPICAL OUTPUT 



»CCO- 



INPUTO- 




O^CC 



NUMBER OF 
PRODUCT TERMS 


HAL16L8, 16R4 
16R6, 16R8 


HAL16X4 


HAL16A4 





99 


97 


108 


1^ 


101 


101 


113 


5-8 


104 


106 


117 


9-12 


106 


110 


122 


13-16 


108 


115 


126 


17-20 


110 


119 


131 


21-24 


113 


124 


135 


25-28 


115 


128 


140 


29-32 


117 


133 


144 


33-36 


119 


137 


149 


37-40 


122 


142 


153 


41-44 


124 


146 


158 


45-48 


126 


151 


162 


49-52 


128 


155 


167 


53-56 


131 


160 


171 


57-60 


133 


164 


176 


61-64 


135 


169 


180 



Table 1. Typical vs. Number of Products Used 



..Ui. 



HAL \14( p ■•• ■■ HAL DESIGN SPECIFICATION 

CART NUMBER — ' --...-..^.^.^ . -.^^ ji^. ^ , 

USER'S PART NUMBER REV *' /WVj»F D>(7-E 



T/rL£ 




C P fg G. M 

P;/V 1 PIN 2 - P'lN 3 ■ ' PIN 4 PIN 5 

U P Gt I • GND 

PIN 6 PIN 7 PIN 8 PIN 9 PIN 10 

J , v^- " v_ e. o 



PIN 11 PIN 12 PIN 13 PIN 14 PIN 15 

e. "6 A. vcc 





W re PIN 17 




. . . PIN 19 


PIN 20 ^ 






- - ( 






EQUATIONS 

^ -/A 




\iove«.Te<a. 






E, - C * O 




Aooo Grftre 






r "" = ^ + <^ ^ 


> 








l_ =/l-v-/J + /Wi 


> 


u^uo <S*rre. 




u 














> 


XOO. 





LEGEND: = EQUAL + OR : + : XOR / COMPLEMENT 

: = REPLACED BY * AND : * :iXNOR ( ) THREE-STATE 

^6 



FUNCTION TABLE 



PIN A 



PIN F 



PIN K 



PIN P 
IMV 



PIN B 



PIN G 

u 



PIN L 



PIN C 



PIN H 



PIN Q 



P/W D 



PW / 



PIN N 



PIN B 



PIN J 

o 



PIN O 



COMMENT 



A ^ £_ 

» B C 



^ jL Jk 

G H I 



JKLMWOPOfl 



COMMENT 





X X X 


XX^XXXXX 


X 


^ 2L 


X 


2L 




H U 


XXX 


X JL JL y' 2LJt_j<».ji_ 




iL JL 


JL 


JL 




JL 


_L L. L. 


jLJiJLJLJLJLJLJL 


JL 


JL JL 


X 


JL 




JL X 


L. H L. 


X-JLJLJi-JLJLJJLJL 


JL 


JL ^ 


JL 


JC 


Atao 


JL _>k 


JL -k- -k- 


JLJLJLJLJtJLJL_2i 


Ji 


_2S. JL 


JL 


JL 


AioO 




H U M 


XXXX x_21.»J< 


JL 


JL JS. 


JL 


JL 


AK30 


JL JL 


JL JL JL 


_ti.L^JLJLJLjt_Ji 




JL jL 


JL 


JL 


OS. 


2L JL 


k. X- _X. 


> -*< ..tV. y "Xj .X X X 




J3L jaL 


jL 


JL 




JL JL 


JS. JS_ ^ 


jL_kJLji.JL_2tJLJL 


JL 


JL JL 


JL 


-5L 


OB. 


X X 


XXX 


»1 rtjLjL.&jLJLJL 


JL 


JL JL 


JL 


j:x. 




JL JL 


XXX 


_y_jc^_k_k_kAjL 


JL 


JL JL 


JL 


X. 




JL iL 


JL iL JL 


JL_X^J=^J=.JiJlJL 


j< 


JL. JL 


JL 


JJL 




JL X. 


JLx_jt._jLjLJLL ^ «-H X 


JL 


JL JL 


JL 


JL 


lO AM'D 


J< PL 


JL2Lj<.j<.jS.J>LJii^J=_Jl2L 


2L 


JL JL. 


JL 


2L. 


MAniO 


JL JL 


^JLJLJLJLJL_HJLJiJ=.JL 


2L 


JS. iL 


JL 


JL 




JS 2L 


■xxxxxxxxvx.w 


J.. 


JL JC 


JL 


JL 




-2« JL 


JL2LJLJSJLJLJL_XJLJL_k 




JL 


JL 


JL 




JL JL 


jljljljljcjljl^jljlj* 


_u 


_t iL 


JL 


^ 


fooe 


JL 


JLJLJLJLJLJLXJLiL_SL_B 


Ji 


JL 


JL 


JL 




JL JS. 


JiLJLjLj<^_5LJi.JL:sL^JL 


JL 


^ -k. 




u 





LEGEND: H HIGH C CLOCK Z OFF 

L LOW X IRRELEVANT 

[ , ,^ . J^,. , 

F 10B 

T-7 




7-a 



HAl* Series 20 



Logic Diagram NAL10H8 



INPUTS (0-31) 



12 3 4 b S 9 1213 16 IT ZD2I 29 2i 28Z9303I 



CO 

S 

K 

lU 
I- 



D 
O 

EC 

a. 



3=0 



30 



12 3 4 b 13 1213 16W 2021 242S 2I293B31 



7*g 



NALr^^rtes 20 



Logic Diagram HAL12H6 



8 



i 



U 
3 

8 

a. 



— 1^ 



INPUTS (0-31) 

D 1 2 3 4 S B 7 H 9 12 13 iei7 2021 24262E27 28293D3I 



0123 4i6T S9 .}£13 1Bfl^ 2D21 24262827 2893031 



7-10 



HAL Series 20 



r ' 



Logic Diagram HAL14H4 



INPUTS (0-31) 

0123 4SGT B 9 1011 1ZI3 1B17 2DZIZ723 Z42S26 27 28293031 




2 3 4 S B 7 I 9 1811 1213 1B17 UVtZU HHSl? • aztSQSI 



HAL Series 20 



Logic Diagram HAL16H2 



S 



(0 



u 

3 
O 

o 



'■ 



INPUTS (0-31) 



0123 4SG7 B 9 1011 I2I3I415 16171119 Z021Z223 24Z5262T 2B293031 





1 2 3 4 5 1 1 1 91111 12131415 li171IM 212122 23 242S2I2T 2i2l«31 



HAL Seritt» 20 



Logic Diagiwn HAL16C1 



i 
c 



INPUTS (0-31) 

0123 4SB7 B 9 10)1 121314 15 161718 19 2021 22 23 242S2GZ7 ZB293031 




2 3 4 & B 7 a B lait I213I4U 16171116 Z0IU2 23 241S2G27 ZB2S3Q31 



HAL Series 20 



Logic Diagram HAL10L8 



INPUTS (0-31) 

12 1 4 S S S 12t2 1G 17 2071 292^ ZB293D3I 



=B=0 



:B=C> 



:e=t> 



dliS 4S fl9 1213 1617 3021 2428 2Bn3a31 



HAL Series 20 



lU 5 
I- — 

d 

3 
O 
O 



5 



INPUTS (0-31) 

112 3 4 5 6 7 a g 1213 16 W 2Q2I Z4Z52G27 78293031 



Logic Diagram HAL12L6 



— ^ 



:e=0 




1 2 3 4 S 6 7 8 9 12 13 1617 »» Z4252627 2»29303t 



s 



(0 

s 

Id 



U 
3 

a 
o 

CE 

a. 



2 3 4 5 6 T B 9 1D11 12 13 1617 2021 22 23 242525 27 28293031 



112 3 4 5 S 7 B g 1D11 12t3 TBI? 2D2I 22 23 Z4 25Z6 27 Z3Z93031 



7>ii 



HAL Svrietf m 



1 1 



Logic Diagram HAL16L2 



CO 
S 
oc 

Ul s 



o 

3 
Q 
O 
E 

a. 



-ex 



^x 



INPUTS (0-31) 

Z 3 4 S6 7 B9I0II 1213UIS 16171819 2D 21 :!2 Z3 24ZSZ6ZT 28 29 30 31 



12 1 4 S S 7 I 9 ion 12 13 M IS 16 1? U 19 2)21^^ U»927 aX»W3} 





7-17 



HAL Series 20 




HAL Series 20 



INPUTS (0-31) 



T 2 ] 4 S S 7 S 9 1D11 12 1314 TS 1E 17 11 19 2021 Z2 23 24 2S2G 27 2S 2930 31 



Logic Diagram HAL16R8 










3Ch 




0(23 4SfiT t imn 12131415 II1T1IM 10212123 2ill«2fi2r »I93ll3t 



> Q 



D Q 



D Q 
> Q 



D O 
> 



D Q 

^> 5 



D Q 
> 5 



D 

> 5 



D Q 
>■ 




0113 4S67 S9 1011 1213I41E 1E171B19 20^1.^^ »?5292T 2B|t30;2i: 



7-20 



HAL S«ri0» 20 



Logic Diagram HAL16R4 




1 2 3 4 5 B 7 ■ aietl 1Z13I41S )S17tl1B 20212113 H2S26 27 ' 20 203031 



^1 

i I 



INPUTS (0-31) 



Logic Diagram HAL16X4 



12] i b b } 9 3 ID II 12 13 M 16 ie II IS 19 JO 71 27 73 7i)?b2E2r 2B 29 3D 31 




K 



i 




























































































































































































































































































































-- 


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































— 








































































































































































































































































































































































































































































































































































H 






































































►E>H 





l— > Q 



D Q 
> 5 



D Q 
> 



D 
— 1> Q 




12 3 4 b G I a 910n I2I3I4IS 1G17tlt9 20 M2Z13 2i»3031 
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HAL Series 20 




7-23 



TITLi 



CXIMi'ANY, CITY, STATE 





PIN 1 


PIN 2 


PIN 3 


PIN 4 


PIN 5 

GND 




PIN 6 


PIN 7 


PIN 8 


PIN 9 


PIN 10 




PIN 11 


PIN 12 


PIN 13 


PIN 14 


PIN 15 
VCC 





'IN 16 PIN 17 PIN 18 PIN 19 PIN 20 


EQU 


[TIONS 
























































1 ■f 







DESCRIPTION 



LEGEND: = EQUAL + OR 

:= REPLACED BY Am 



: + : XOR 
S*: XNOR 



/ COMPLEMENT 
( ) THREE-STATE 



7-24 



FUNCTION TABLE 



PIN A 



PIN F 



PlpJ\K 



PIN P 



PIN a 



PIN C 



PIN G 



PIN H 



PIN L 



mum ^ 



PIN Q 



PIN 



PIN D 
hN I 



BMN 



PIN E 



PIN J 



PiNJ^ 



COMMENT 



AB, CDEFGH I 



L M N O P Q P 



LEGEND: 



H 

L 



HIGH 
LOW 



C 
X 



CLOCK 
IRRELEVANT 



OFF 



7-25 



Hard Array Logic Family 

HAL Series 24 Data Sheet 



Featu res/ Benefits 

• Gate array equivalent of up to 300 gatfs. 

• Sem -custom solution 

• Reduces SSI/MSI chip count greater tlian 5 to 1 

• Prototype using field-programmable version — RAL. 



• CosI 



• Security iinic diaabied for design secrecy. 



• Test 
Table 



savings up to 40% compared to PAL 



and sbnulatlon made simple wf6i P^JkSM Function 
• Sav4s space with 24-|4n SKiNNYDiP™ pHEdages 



Desiiriptfon 

The HAL family utiiizes standard Low-Power Schottky TTL 
process and automated mask pattern generation directly from 
logic equations to provide a semi-custom gate array for 
replacing conventional SSI/MSI gates and flip-flops at reduced 
chip count 

The fa rily lets the systems engineer "design his own chip" by 
AND and OR gates to perform his desired logic function. 
Compbx interconnections which previously required time- 
consuning layout are thus "lifted" from PC board etch and 
placed on silicon where they can be easily modified during 
protot\pe checl<-out or production. 

The HAL transfer function is the familiar sum of products. Like 
the ROM, the HAL has a single array of selectable gates. Unlike 
the ROM, the HAL is a selectable AND array driving a fixed OR 
array Khe ROM is a fixed AND array driving a selectable OR 
array). In addition the HAL provides thee options: 

• Variable Input/output pin ratio 

• Programmable three-state outpute_ . 

• Registers with feedbacl< 

• Exclusive-OR gates 

Unused inputs are tied directly to Vjjc or GND. Product terms 
with al fuses blown assume the logical high state, and product 
terms connected to both true and complement of any single 
input assume the logical low state. Registers consist of D type 
flip-flops which are loaded on the low-to-high transition of the 
clock. HAL Logic Diagrams are shown with all fuses blown, 
eriablifflg tl!ie designer -to- use the-dtagiams as coding sheete. 

S|<EINNVplP is a i^gistered trademark, of Monolithic Memorifls 



PART 
NUMBER 



HAL12L10 

HAL14L8 

HAL16L6 

HAL18L4 

HAL20L2 

HAL20C1 

HAL20L10 

HAL20X10 

HAL20X8 

HAL20X4 



PKG 



J.N.F 
J.N.F 
J,N,F 
J.N.F 
J,N,F 
J.N.F 
J,N,F 
J,N,F 
J,N,F 
J.N.F 



DESCRIPTION 



Deca 12 Input And-Or-lnvert Gate Array 
Octal 14lnput And-Or-lnvert Gate Array 
Hex 16lnput And-Or-lnvert Gate Array 
Quad ISInput And-Or-lnvert Gate Array 
Dual 20lnput And-Or-lnvert Gate Array 

20 Input And-Or/And-Or Invert Gate Array 
Deca 20 Input And-Or-lnvert Gate Array 
Deca 20 Input Registersd And-Or-Xor Gate Array 
Octal 20lnput Registered And-Or-Xor Gate Array 
Quad 20lnputRegistered And-Or-Xor Gate Array 



To design a HAL, the user first programs and debugs a PAL 
using PALASM and the "PAL DESIGN SPECIFICATION" 
standard format. This specification is submitted to Monolithic 
Memories where it is computer processed and assigned a bit 
pattern number, e.g., P01234. Monolithic Memories accepts the 
PAL DESIGN SPECIFICATION in one of three forms: 

1. CompLCter generated listing. 

2. Typed or hand-written forms F107 and F1 08. See example on 
pages 7-30, 7-31 and forms on pages 7-42 and 7-43. 

3. Direct online data transmission to Monolithic Memorie,s 
Timeshare computer system via telephone (local telephone 
network to major US cities, London .and Pisrls) or TWX 
(online Boston TWX no.). 

Monolithic Memories will provide a PAL sample for customer 
qualification. The user then submits a purchase order for a HAL 
of the specified bit pattern number, e.g., HALT8L4 P01234. See 
Ordering Information below. 



Ordering Information 



. HARD ARRAY LOGIC FAMILY 
' NUMBER OF ARRAY INPUTS 
- OUTPUT TYPE 

L = ACTIVE LOW 

C ° COMPLCMENTARV 

X^EXCLUSIVE'OR RBGISTERED 



-'fiaCM^ OF OUTPUTS 



r 



-TEMPERATURE RANGE 
C= OC TO +75C 
M = -S5C TO +125C 
- PACKAGE 

N = PLASTIC DIP 
J = CERAMIC DIP 
F = FtAT PACK 
-OPTIONAL HI-REL PROCESSING 
883B ' MIL-STD-883, 

METHOD 5004 & 5005 LEVEL B 
8S3C = MIL-STD-883, 

METHOD 5004 & 5005 LEVEL C 
B = MIL-STO-8S3, 

METHOD 5004 EQUIVALENT 
C = MIL-STD-883, 
METHOD 5004 EQUIVALENT 
BIT PATTERN NUMBER 



HAL 18 L4 CJ 883B P01234 



1165 E^stArques Avenue, Sunnyvale, CA 94086 Tel: (408) 739-3535 TWX: 910-339-9229 
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HAL Series 24 



HAL12L10 



E 

E- 

E- 

E- 

E- 

E 

E- 

E- 

E 

E- 

E- 
E 



E 

K>i3 



AND 
GATE 
ARRAY 



i>2D 

iE>I3 

=r>i 

=Oi3 




HAL16L6 





HAL20X10 



HAL20X8 





HAL 20X4 
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HAI Striae 9 A 

Input Voltage 5.5V 12V* 

0«-state output Voltage 5.5V 12V 

Stera^ temperature -65° to +150° C 



Operating Conditions 



SYkjlBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


V(tc 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 






Width of clocit 


Low 


40 20 


35 20 


ns 


High 


30 10 


25 10 


'su 


Set up time 


60 38 


50 38 


ns 


<h 


Hold time 


-15 


-15 






Operating free air temperature ' . 




- .75 


°C 


Tc 




Operating case temperature 


125 




°C 


Electrical Characteristics over operating conditions 


SYMBOL 

i 


PARAMETER 


TEST CONDITIONS 


lUlM TVP++ MAX 
rain 1 irjf nn#*A 


UNIT 


V 


L 


Low-level input voltage 




0.8 


V 


V 


H 


High-level input voltage 




2 


V 


V 


C 


Input clamp voltage 


VcC = "'N 'l = -18mA 


-0.8 -1 .5 


V 


ll 




Low-level input-current f 


Vcc = MAX V| = 0.4V 


-0.02 -0.25 


mA 


>ll 


H 


High-level input current f 


VcC = V| = 2.4V 


25 


mA 


ll 




f»/laximum input current 


Vcc " ^'^^ V| = 5.5V 


1 


mA 


v« 


)L 


Low-level output voltage 


Vcc = ^""^ 
'V|L = 0.8V 
"V|H = 2V 


12L10, 14L8, 16L6 
18L4, 20L2, 20C1 


Iql = SrnA 


0.3 0.5 


V 


20L10, 20X10 
2S0a. 20X4 


MIL lot = 12mA 


COM Iql " 24mA 




3H 


High-level output voltage 


Vcc = ^"^ 
V|L = 0.8V 

V|H = 2V 


IqH = -2mA MIL 


2.4 2.8 


V 


Iq^ = -3.2mA COM 


'c 


ZL 


Off-state output current f 


Vcc " IVIAX 
V|L = 0.8V 
V|H = 2V 


Vq = 0.4V 


-100 


//A 


'OZH 


Vq = 2.4V 


100 




'OS 


Output short-circuit current * * 


Vcc = 5V Vq = OV 


-30 -70 -130 


mA 


■ k 


C 


Supply current 


Vcc = MAX 


12L10, 14L8, 16L6, 
18L4, 20L2, 20C1 


60 100 


mA 


20X4, 20X8, 20X10 


120 180 


20L10 


90 165 



"t* 1^ pin leakage is the worst case of Iq^x hx ^ 'fX ^ZH 
' ^ ^lltypicalvaluesareatV^ 

4e Pins 1 and 13 may be raised to 22V max. 
* Only one output shorted at a time. 
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Switching Cliaractertetics 



Over Operating Conditions 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


*PD 




Input to 
output 


12L10, 14l_8, 
16L6, 18L4, 
20L2, 20C1 


R-l = 560n 

Rj = i.ikn 


25 


45 




25 


40 


ns 


tpD 




Input or feedt)ack to output 




35 


60 




35 


50 


ns 


<CLK 




Clock to output or feedback 


20L10, 20X10 
20X8. 20X4 
R-l = 2oon 
R2 = 390n 


20 


35 




20 


30 


ns 


'PZX 




Pin 13 to output enable 


20 


45 




20 


35 


ns 


*PXZ 




Pin 13 to output disable 


20 


45 




20 


35 


ns 


♦pzx 




Input to output enable 


35 


55 




35 


45 


ns 


•pxz 




Input to output disable 


35 


55 




35 


45 


ns 


'max 




Maximum frequesncy 




10.5 16 


12.5 


16 




MHz 



Test Load 



■1 •! 




Schematic of Inpute and Outputs 
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HAL ZOXi Q 

PART NUMBER 



USER'S PART NUMBER 



HAL DESIGN SPECIFICATION 



Rev 



NAMB 



DATE 



TITLE 



COMPANY. CITY. STATE 

etc PO 



PJW 1 



to 



I 



PIN 2 



P/N 8 



P/W 74 



P/N 20 



P/N 3 

P7 



PIN 9 



P/W 15 



PIN 21 



X>'2 



DC 



PIN 10 

07 



X>1> 



PIN 5 

/vo 



PIN 11 

Q7 

PIN 17 



PIN 23 



PIN 6 
GND 



P/N 12 
PIN 18 

vcc 

P/N 24 







- / QO * /wo 


3 \\aua QO 


EQUA7 


IONS 


•V /DO * LD 


> LOAD DO 


M 




:^ JQ\ # /L0 


» vkxjs> QI 






+ / 0» *■ LO 


* LOAD Ol 






:«/Q2 *-/UO 


UOU> 






LP 


; LOAD D2 




/Qa 


:-/Q3 ♦/UD 


•> ttOLD Qf3 






-V/D3 *• LO 


>LCAD DS 




/Q4. 


:'/Q4. 3>-/LD 


> rtOLD Q4. 






•+-/TM- * LD 


>LOAD 04. 




/Qs 










+/ D5 * LD 


>LOAD DS 






*-/ld 








+/Di» * LD 


^ LOAD "OCo 






:-/Ql */LD 


, > ^VXD C37 






+/'D7 *• LD 


VLO^tP 07 




/Qe> 


•.»/Q& / LD 


■> 4a-D GiS 






+ /D8 *• LD 


Load D6 










DESC 


RIPTION: 







LEGEND: 



EQUAL 

REPLACED BY 



OR 
AND 



: + : XOR 
:*: XNOR 



/ COMPLEMENT 
( ) THREE-STATE^ 
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FUNCTION 


TABLE 










CK. 


oe 




OB 






PIN A 


PIN B 


PIN C 


PIN D 


PIN E 


PIN F 




■D4. 


•D3 




D I 


DO 


PIN G 


PIN H 


PIN 1 


PIN J 


PIN K 


P/N L 


OS 








QA- 


Q3 


PIN M 


PIN N 


PIN 


P/N P 


PIN Q 


p;w H 


02 


Q\ 


QO 









P/W s 
COMMENT 



PIN T 



PIN U 



PIN V 

\:>/Kn>i OUT 



BCD 



F G H I 



M N O P O R 



T U 



COMMENT 



CLxxx xxA x.xxXz-z.-z.-z^-2.-3E.-z.z 

^ Ji JL J=l i=- -k. J= ^-k.Jii.J=.^^_ki.-ki=.i».J=^]=. 

^JLiLii-a.Ji.JLJL_tLJiAJtji-14._tt._H.:ii.Ji_ii_V4Ji_ 

J_ JL A i=. JL JL Jz. JL JL JL Ji i:. H. i. H. L. ii Ji -res-r pop cuecKeggQ wop 





LEGEND: 


H 


HIGH 


C 


CLOCK 




Z OFF 








4,0m 











F 107 7"31 



i 



B=I>- 



:B=I> 



&£> ^ 



I J 1 * S If II 13 II II 10 24 IS 21 21 32 n IS 37 3t M 
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HAL 



Series 24 



INPUTS (0-39) 



Logic Diagram HAL14L8 



D T 7 :i 4 b 6 ' S 9 U 1] 16 IT 20 ?1 2A lb 28 29 32 33 31 3& 36 37 3S 39 



t ? 3 4 5 6- J 19 UU IS 17 JB !J MM u m 3* 33 .34 » 3S 3j 3« 39 



3Ch 



B4>- 



B=I>- 



B=I>- 



8=i> 
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HALSaries.24 



. ^ Logic Diagram HAL1 6L6 

INPUTS (b-38) 

12 3 « S B T I 9 10 II II 13 16 17 2D 21 24 2S 21 29 30 31 32 33 M 3S 3B 37 38 39 



3 
D 
O 
K 
& 



t I Z J 4 



3^ 



:B=E> 



B=I>- 




■ riinii itn »n an mb naaai x n m ss atniaa 
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HAL Series 2# 



Logic Diagram HAL18L4 

INPUTS (0-39) 

1 2 3 4 & B 7 8 9 10 11 1i 13 14 1S 16 17 ZD ?1 21 2i 2G 27 28 29 3D 31 32 33 34 35 36 il 3S 39 



s 



§ 

ee 



12 1 4 S e T I: I TO II . .^ M 15 . U 17 ' 10 21 ~ ^ ^0 2J ^^3^31 .^^a^AU |B»»3B 



30- 





3dr 
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D I ; J 4 S G 7 I 9 ID II >I II I* IS IE 1T IB 19 20 i1 22 73 14 2S It 27 21 2% 3D 31 32 33 34 35 38 37 3S 3S 



s 



w 
s 

K 

u 




3 
O 
O 




11 4 117 I I II 11 11 11 » IS II II tl II N 21 n 2] M n Zt 17 a 21 X 31 31 J3 34 



3S M 17 31 n 



HAL Series 24 



Logic Diagram HAL20C1 

INPUTS (0-39) 

\ 2 3 t •> 6 1 S 9 10 11 12 13 14 1i IB W 19 19 20 2i 27 23 (4 2S 16 27 2t 29 30 31 32 23 34 35 36 37 ]t 39 



v 



z 

i 6 



> 
> 




19 



■ til 4 I i ? ■ 9 IB II II U H tS li IT II n M II » 23 M H » » » » 3a 11 31 33 H JS » » 31 3S 



7»37 



Logic Diagram HAL20L10 



INPUTS (0-39) 



2 3 b 6 ' S 9 ID II i; 1J 14 lb IB 1' 1S 19 ?D ?1 22 23 24 2S 26 27 28 29 30 31 32 13 31 35 36 3! 38 39 



■ 

o 

(0 

X 
c 

IS 

3 
Q 
O 




























































^ 


2 — - 

3 — - 
























































t 






















































9vr 


9 


























































10 
























































u — - 














































































































4ri— 


16 


















































































































— ^ 


18 — 
























































19 — 
























































14 — 


























































!S — 


























































26 — 
















































































































{SI 


























































33 — 
31 


























































3i 
























































{^ 

40 




















































































































42 — 
























































43 — 
















































































































=sl- 


19 — 


























































— 
























































bi 
























































=ii- 


SJ — 

bt — 


























































H 


















































































































66 — 


























































il — 














































































































»j 


13 
































































































































































































































9<r- 



6 9 10 II 12 1] 14 IS li ir II 10 11 23 H 25 I« J) 2| ig ]0 11 3i » M 1» U 1' 31 » 



HAL Series 24 



Logic Diagram HAL20X1 

M> — ^ 1 

g t I 3 4 S I I I 9 te )I II l] 14 IS II ir II IS ID II II !] 14 IS IS IT 21 21 31 II 31 33 34 3S 3fi 37 3t 39 




■ II) 4 s t I ■ ) II II II I] M IS II n II II » )i II 13 M n M » n M M )i n u m m n h n h 
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HAL 



PART NUMBER 



5^ 



USEm PARt NUUBBR 



REV 



HAL DESIGN SPECIFICATION 
/ / 



NAME 



DATE 



TITLE 



COMPANY, CITY. STATE 







PIN 


1 


PIN 


7 


PIN 


13 


PIN 


19 



PIN 2 



PIN B 



PIN 14 



PIN 20 



PIN 3 



PIN 9 



PIN IS 



PIN 21 



PIN 4 



PIN 10 



PIN 16 



PIN 22 



PIN 5 



PIN 11 



PIN 17 



PIN 23 



PIN 6 

GND 



PIN 12 
PIN 18 

vcc 

PIN 24 



EQUAl 


IONS 




' ■ 



























































DESC 


RIPTION: 



LEGEND: 



EQUAL 

REPLACED BY 



+ OH 
* AND 



: + : XOR 
:*! XNOR 



/ COMPLEMENT 
( ) THREE-STATE 
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FUNCTION TABLE 


PIN A 


PIN B PIN C PIN D PIN E PIN F 


PIN G 


PIN H PIN 1 PIN J PIN K PIN L 


PIN M 


PIN N PIN PIN P PIN PIN R 


PIN S 


PIN T PIN U PIN V 


COMMElk' 


n 

COMMENT 


ABCDEFGHIJKLMNOPQRSTUV 




















































































■ - 1 


LEGEND: H HIGH C CLOCK Z OFF 
I. LOW X IRRELEVANT 

irf43 


. 1 
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introduction 



Hi REL 



PROiM 



ROIVl 



PAL® 



HIMSI 


8 


FIFO 


9 








p IVIultipliers/Dividers 


11 




12 


p Leadless 


13 


Die.: 


14 




General information 


15 






16 
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HMSI Selection Guide 



FUNCTION 


PART NUMBER 


PAGE 


APPENDIX INFORMATION 


Octal counter 


SN54/74LS461 


8-4 


8-34 


Octal shift register 


SN54/74LS498 


8-8 


8-40 


Multifunction register 


SN54/74LS380 


8-12 




10-bit counter 


SN54/74LS491 


8-16 


a^o 


16:1 Mux 


SN54/74LS450 


8-20 


8-54 


Dual 8:1 Mux 


SN54/74LS451 


8-24 


8-«0 


Quad 4:1 Mux 


SN54/74LS453 


8-28 





8 
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Octal Counter 

SN54/74LS461 



Features/ Benefits 

• Octal counter ior microprogram-counter, DMA 
and general pwpoae counting appNcatianB 



• 8 bits match byte boundariea 

• Bus-structured pinout 

• 24-pin Skinny DIP® saves space 

• 3-«late outputs drive bus lines 

• Low eumnt PNP Inputs radiice I 

• Expandabto In 8-btt Increments 



Ordering Information 



PART NUMBER 


PACKAGE 


TEMPERATURE 


SN54LS461 


JS 


MIL 


SN74LS461 


NS, JS 


COM 



Description 

The LS461 is an 8-bit synchronous counter with parallel load, 
clear, and hold capability. Two function select inputs (Ig, I-]) 
provide one of four operations which occur synchronously on 
the rising edge of the clock (CLK). 

The LOAD operation loads the Inputs (D7-D0) Into the output 
register (Q^-Qq). The CLEAR operation resets the output 
register to all LOWs. The HOLD operation holds the previous 
value regardless of clock transitions. The INCREMENT opera- 
tion adds_one to the output register when the carry-in input is 
TRUE (CI = LOW), othenwise the operatkm is a HOLD. The 
carry-out (CO) Is TRUE (CO = LOW) when the output register 
(Q7-Q0) is all HIGHs, otherwise FALSE (CO = HIGH). 

The output register (Q7-Q0) is enabled when 00 is LOW, and 
disabled (Hl-Z) when DC is HIGH. The output drivers will sink 
the 24 mA required for many bus Interface stendards. 

Two or more LS461 octal counters may be cascaded to provide 
larger counters. The operation codes were chosen such that 
when It Is HIGH, Iq may be used to select between LOAD and 
INCREMENT as In a program counter (JUMP/INCREMENT). 



Function Table 



GO 


CLK 


h 


■o 


CI 


D7-D0 


Q7-Q0 


OPERATION 


H 


X 


X 


X 


X 


X 


z 


Hl-Z 


L 




L 


L 


X 


X 


L 


CLEAR 


L 




L 


H 


X 


X 


Q 


HOLD 


L 




H 


L 


X 


D 


D 


LOAD 


L 




H 


H 


H 


X 


Q 


HOLD 


L 




H 


H 


L 


X 


Qplusi 


INCREMENT 



Logic Symbol 



DATA 
IN 



CLK^ 










10 [7 






1 


I 


DO^ 




10 ^ CI 
DO QO 




D1^ 




D1 


01 




D2^ 




D2 


02 




D3^ 
D4^ 




8 

D3 BIT 03 

CNTR 
D4 04 




DsjT 




D5 


05 




D6[T 




D6 


06 




D7[lO 




D7 07 
11 OC CO 




11 [i7 




t 






gnd[u 











m]qo 
21] 01 

20|o2 



1 01 CARRY IN 



DATA 
OUT 



For supplementary information, see appendix, this section. 



MonolWtks 



SN54/74LS461 



Logic Diagram 



Octal Counter 



DO 



01 




D4 



OND 



10 



11 



12 



6 



6 



6 



24 



vcc 







23 



22 



21 



20 



19 



18 



17 



16 



15 



14 



13 



03 



07 



SIIS«/74l3««t 



Absolute Maximum Ratings 

Supply voltage Vqq TV 

Input voltage 5.5V 

Off-state output voltage 5.SV 

Storage temperature -65" |p *tS£P© 

Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


vcc 


Supply voltage 


4.5 5 55 


4.75 5 5.25 


V 




Width of clock ^ 


Low 


40 


35 




High 


30 


25 


ns 


'su 


Set up time 


60 


50 


ns 


th 


Hold time 


-15 


-15 






Operating free-air temperature 


-55 


75 


°C 


Tc 


Operating case tempeitiiLue 


125 




»c 


Electrical Characteristics over operating conditions 


SYMBOL 


PARAMETER 


TEST CONOITIONS 


MIN TYPtMAX 


UNIT 


V|L 


Low-level input voltage 




0.8 


V 


V|H 


High-level input voltage 




2 


V 


V|C 


Input clamp voltage 


Vcc = "^"^ 'l = -18mA 


-1.5 


V 


IlL 


Low-level input current 


Vcc = ^\ = 4V 


0.25 


mA 


>IH 


High-level input current 


Vcc = V| = 2.4V 


25 


mA 


'I 


Maximum input current 


Vcc " l*"*^ V| = 5.5V 


1 


mA 


Vol 


Low-level ou^jut voltage 


Vcc = MtN 

V|L - 0.8V 
V|H =2V 


MIL Iql = "12mA 


0.5 


V 


COM Iql =*24mA 


VOH 


High-level output voltage 


Vcc = 
V|L = 0.8V 
V|H =2V 


MIL Iqh = -2mA 


2.4 


V 


OOM Iqh = r3-2'"A 


'OZL 


Off-state output current 


Vcc = MAX 

'^^ Vo = 4V 
V,. = 0.8V O 

V|n - 2V 


-100 
100 


^A 
mA 


'OZH 


IqS 


Output short-circuit current* 


Vcc = 5.0V Vq = OV 


-30 -130 


mA 


'go 


Supply current 


Vcc = MAX 


120 180 


mA 



No more than one output should be shorted at a time and durfttfofi of the ahort-eErcuit should not exceed one second. 

"f" All typical values are at = 5V, = 25°C 



Switching Characteristics over operating conditions 



SYMBOL 


PARAMETER 


TEST CONDITIONS 
(See Teat Load) 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


'max 


Maximum clock frequency 




10.5 


12.5 


MHz 


*PD 


Ci to CO delay 


Ci_ = 50 pF 
Rl = 200n 
R2 = 390(1 


35 


60 




35 


50 


ns 


tpD 


Clock to Q 


20 


35 




20 


30 


ns 


'PD 


Clock to CO 


55 


95 




55 


80 


ns 


<PZX 


Output enable delay 


35 


55 




35 


45 


ns 


•pxz 


Output disable delay 




36 


55 




36 


45 


ns 
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16-Bit Counter 



16-BIT 
DATA BUS 
OUT 




Octal Shift Register 

SN54/74LS498 



Faatures/ Benefits 

• Octal shift register for serial to parallel and parallel to serial 
applications 

• 8 bits match byte boundaries 

• Bus-structured pinout 

• 24-pin SKINNYDIP" saves space 

• 3-state outputs drive bus lines 

• Low current PNP inputs reduce loading 

• Expandable in 8-blt Increments 



Ordering Information 



PART NUMBER 


PACKAGE 


TEMPERATURE 


SN54LS498 


JS 


MIL 


SN74LS498 


NS, JS 


COM 



Description 

The LS498 is an 8-bit synchronous shift. register with parallel 
load and hold capability. Two function select inputs (Ig, l-|) 
provide one of four operations which occur synctironousiy on 
the rising edge of the clock (CLK). 

The LOAD operation loads the Input (D7-D0) into the output 
,1 register {Qj-Qq}. The HOLD operation holds the previous 
value regardless of clock transitions. The SHIFT LEFT operation 
shifts the output register, Q, one bit to the left; Qq Is replaced 
by LIRO. RILO outputs Q7. 

The SHIFT RIGHT operation shifts the output register, Q, one 
bit to the right; Q7 Is replaced by RILO. LIRO outputs Qq. 

The output register (Qy-Qg) is enabled when OC is LOW, and 
disabled (Hl-Z) when DC is HIGH. The output drivers will sink 
the 24 mA required for many bus interface standards. 

Two or nnore LS498 octal shift registers may be cascaded to 
provide larger shift register^ as shown in the application section. 



Function Table 



OC 


CLK 


I1 


■o 


D7-D0 


Q7-Q0 


OPERATION 


H 


X 


X 


X 


X 


z 


Hl-Z 


L 


1 


L 


L 


X 


L 


HOLD 


L 


t 


L 


H 


X 


SR(Q) 


SHIFT RIGHT 


L 


r 


H 


L 


X 


SL(Q) 


SHIFT LEFT 


L 


t 


H 


H 


D 


D 


LOAD 



Logic Symbol 



DATA 
IN 





\J 


jljvcc 










10^ 






23] LIRO SHIFT I/O 


1 


1 


DO IT 




10 vliro 
DO 00 




22] OO 




D1^ 




D1 


01 




2]]q1 




D2Q 




D2 


02 




20] 02 




D3^ 
04 [7 




8 

D3 BIT 03 

SHFT: 
D4 REG 04 




is] 04 


DATA 
OUT 


DsQI 




D5 


05 




13 05 




Dsj^ 




06 


06 




is] 06 




D7[il 




D7 07 

11 ocniLO 




Tsjo? 




11 [iT 


1 1 


1 


U] RILO SHIFT I/O 























For supplementary information, see appendix, this section. 
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Logic Diagram 



Octal Shift Register 



cue 



DS 



10 



11 



12 









24 



23 



22 



21 



20 



19 



18 



17 



16 



15 



14 



13 



LIRO 



QQ 



02 



OS 



(X 



oc 
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Absolute Maximum Ratings 

Supply voltage Vq^ 7\/ 

Input voltage '. 55V 

Off-state output voltage 5 5V 

Storage temperature _66<> to +150°C 



Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


vcc 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 




Width of clock 


Low 


40 


35 


ns 


High 


30 


25 


'su 


Set up time 


60 


50 


ns 


th 


Hold time 


-15 


-15 




Operating free-air temperature 


-55 


, J 


°C 




Operating case temperature 


125 




°c 



EieCtrical CliaraCteristiCS over operating conditions 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN TYP t MAX 


UNIT 


V|L 


Low-level input voltage 




0.8 


V 


V|H 


Higfi-level input voltage 




2 


V 


V|C 


Input clamp voltage 


Vcc = f^lN l| = -18mA 


-1.5 


V 


l|L 


Low-level input current 


Vcc = '^'^X V| = 0.4V 


0.25 


mA 


l|H 


Highi-level input current 


Vqc = MAX V| = 2.4V 


25 


mA 


l| 


Maximum input current 


Vcc " ^'^^ V| = 5.5V 


1 


mA 


Vol 


Low-level output voltage 


Vcc = MIN 
V|L = 0.8V 
V|H =2V 


MIL Iql = 12mA 


0.5 


V 


COM Iql = 24mA 


VoH 


High-level output voltage 


Vcc = I^IN 
V||_ = 0.8V 
V|H =2V 


MIL Iqh = -2mA 


2.4 


V 


COM Iqh = -3.2mA 


'OZL 


Off-state output current 


Vqc = MAX 
V|L = 0.8V 

V|H =2y 


Vq = 0.4V 


-100 


mA 


'OZH 


Vq = 2.4V 


100 


mA 


'os 


Output short-circuit current* 


Vcc = 5.0V Vq = OV 


-30 -130 


mA 


'cc 


Supply current 


Vcc = MAX 


120 180 


mA 



* No more ttian one output should be shorted at time and duration of the ,sticstt*efrGult should not exceed one second, 
t All typical values are at Vj,^ = 5V,T^ = 25°C 



Switching CliaraCteristiCS over operating conditions 



I ^IBOL 


PARAMETER 


TEST CONDITIONS 
(See Test Load ) 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


'max 


Maximum clock frequency 




10.5 


12.5 


MHz 


'PD 


10, 11 to LIRO, RILO 


. . Qj^ = 60 pF 
Rl = 200n 
Rg = 39011 


35 


60 




35 


50 


ns 


¥d 


Clock to Q 


20 


35 




20 


30 


ns 


*PD 


Clock to LIRO, RILO 


55 


95 




55 


80 


ns 


'PZX 


Output enable delay 


35 


55 




35 


45 


ns 


'PXZ 


Output disable delay 




35 


55 




35 


45 


ns 
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AppiieiBtioii 



16-Bit Shift Register 




Multifunction Octal Register 

SN54/74LS380 



Featuras/Ben^ts 

• Octal Register for general purposes inhlrtadng 

• 8 bits match byte boundaries 

• Bus-structured pinout 

• 24-pin SKINNYDIP* saw 

• 3-8tarte outpuls drlw bin Hnes 

• Lom cunwit PNP inputs reduce loading 



Ordering Information 



PART NUMBER 


PACKAGE 


TEIMPERATURE 


SN54LS380 


JS 


MIL 


SN74LS380 


NS, JS 


COM 



Description 

The LS380 is an 8-bit synchronous register with parallel load, 
load compliment, preset, clear, and hold capacity. Four control 
inputs {LD, POL, CLR, PR) provide one of four operations which 
occur synchronously on the rising edge of the clock (CLK). The 
LS380 combines the features of the LS374, LS377, LS273 and 
LSS34 into a single 300 mil wide package. 

The LOAD operation loads the Inputs (Dy-Dg) into the output 
register (Q7-Q0). when POL is HIGH, or loads the compliment 
of tlie Inputs when POL is LOW. The CLEAR operation resets 
the output register to ail LOWs. The PRESET operation presets 
the output register to all HIGHs. The HOLD operation holds 
the previous value regardless of clock transitions. CLEAR over- 
rides PRESET, PRESET overrides LOAD, and LOAD overrides 
HOLD. 

The output register (Q^-Qq) is enabled when 00 is LOW, and 
disabled (Hl-Z) when OC is HIGH. The output drivers will sink 
the 24 mA required for npny bus Interface stan(Jards. 



Logic Symbol 



DATA 
IN 



CLKp" 
LD^ - 
DO^ - 
Dl|2 
D2^ 
03^ 
D4^ 
DsQI 
06 [7 
D7|tO 

pol[T7 

GNoni 



LD VCLR 
DO QO 



07 07 
POLOCPR 



SJvcc 

- 23]CLR 

- '^^\a^ 

- 2o]q2 

- isjoa 

- njos 

- 16j°* 

- Tsjor 

- mJpr 



OATA 

OUT 



Function Table 



OC 


CLK 


LD 


POL 


CLR 


PR 


D7-D0 


Q7-Q0 


OPERATION 


H 


X 


X 


X 


X 


X 


X 


Z 


Hl-Z 


L 




X 


X 


L 


X 


X 


L 


CLEAR 


L 




X 


X 


H 


L 


X 


H 


PRESET 


L 




H 


X 


H 


H 


X 


Q 


HOLD 


L 




L 


H 


H 


H 


D 


D 


LOAD true 


L 




L 


L 


H 


H 


D 


D 


LOAD conqiR. 



For supplementary information, see appendix, this section. 
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Octal Register 



D2 
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04 . an, iM(j> 
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Absolute Maximum Ratings 

Supply voltage Vqq 7V 

Input voltage , 5.5V 

Off-state output voltage . .'^ 5.5V 

Storage temperature -65° to +150"'C 



Operating Conditions ^ 



SYMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 




COMMERCIAL 
MIN TYP MAX 


UNIT 


vcc 


Supply voltage ^ 


4.5 5 5.5 


4.75 5 5.25 


V 




Width of clock 


High 


40 


40 




Low 


35 


35 


ns 


'su 


Set up time 


60 


50 




th 


Hold time 


-15 


-15 


ns 




Operating free-air temperal(jre 


-55 


75 


°C 




Operating case temperature 


125 




»C 


Electrical Characteristics over operating conditions 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN TYP t MAX 


UNIT 


V|L 


Low-level Input voltage 




0.8 


V 


V|H 


High-level Input voltage 




2 


V 


V|C 


Input clamp voltage : 


Vcc = MIN If = -18mA 


-1.5 


V 


l|L 


Lovi/-level Input currertt 


Vcc " V| = 0.4V * • 


0.25 


mA 


l|H 


High-level input current 


Vcc " ^'^^ V| = 2.4V 


25 




l| 


Maximum input current 


Vcc = '^'^X V| = 5.5V 


1 


mA 


Vol 


Low-level output voltage 


Vcc = f^'N 

V|L = 0.8V 
V|H =2V 


MIL Iql =-12mA 


0.5 


V 


COM Iql = 24mA 


VOH 


High-level output voltage 


Vcc = i^'N 

V|L = O.SV 
V|H =2V 


MIL Iqh = -2mA 


2.4 


V 


COM loy = -3.2mA 


'OZL 


Off-state output current 


V^''=0.8V =0.4V 
vIh =2V =2-4V 


-100 
100 




'OZH 


'os 


Output short-circuit current* 


Vcc = ^ ^ Vq • = ov 


-30 -130 


mA 


'cc 


Supply current 


Vcc = ^'^^ 


120 180 


mA 



* No more ttian one output stiould be shorted at a time and duration of the. short-circuit should not exceed one second, 
t AlltypicalvaluesareatV__ = 5V,T, = 25°C 



Switching Characteristics over operating conditions 



SYMBOL 


PARAMETER 


TEST CONDITIONS 
(See Test Load) 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


'max 


Maximum clocic frequency 


Cl = 50pF 

R-l = 200n 
R2 = 390n 


10.5 


12.5 


MHz 




Clock to Q 


20 35 


20 30 


ns 


*PZX 


Output enable delay 


35 55 


35 45 


ns 


'pxz 


Output disable delay 


35 55 


35 45 


ns 
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1 



Appli^tlwi 

16-Bit Register 



■ EQIwrauSEB- 



CLK 
LO 
POL 



16-BIT 
D/yTA BUS 
IN 



-E 
-E 
-E 

-E 
-E 
HI 

in 



Lb VCLB 
DO QO 



01 
02 
03 
04 
05 
06 



01 
02 
03 
04 
05 
06 



07 07 
POL PC PR 



E- 

m- 

20|- 

1- 
n- 

B- 
E- 
E- 
E- 



-E 
-E 
-E 
HI 
HI 
■E 
-E 
-E 

HH 







LD VCLR 

OO QO 


01 


01 


02 


02 


03 


03 


04 


04 


OS 


05 


06 


06 


D7 07 
POLOCPR 



El 

33]- 



E- 

20]- 

E- 
E^ 
13- 

3- 
E- 
E- 



lilOtttr 



1 



-in 



16-BIT 
DATA BUS 
OUT 



:v««fli 



•HT].[ n 



10-Bit Counter 

SN54/74LS491 



Features/BeiMfits 

• CRT vertical and hoitionlal tbnliig generation 

• Bus-structured pinout 

• 24-pin SKINNYDIP" saves space 

• 3-state outputs drive bus lines 

• Low cumnt PNP Inputs reduce loading 



X)rilwlng Information 



1 #VI 1 1 IWOTDCSn 


PACKAGE 


TEMPERATURE 


SN54LS491 


JS 


MIL 


SN74LS491 


NS, JS 


COM 



Logic Symbol 



Description 

The fen-bit counter can count up, count down, set, and load 2 
LSB's, 2 MSB's and 6 middle bits higti or low as a group. All 
operations are synchronous with the clock. SET overrides 
LOAD, COUNT and HOLD. LOAD overrides COUNT. COUNT 
Is conditional on CIN, otherwise it holds. 

All outputs are enabled when OC Is low, otherwise HIGH-Z. 
The 24 mA Iql outputs are suitable for driving RANI/PROM 
address lines in video graphics systems. 



DATA 
IN 



CLK^ 








24] vcc 












DO 


QO 




23]00 




D1 ^ 




D1 


01 




22] 01 




D2-7 01 




D2-7 


02 




2)] 02 




D8 Q 




D8 


03 




20| 03 








D9 


04 




T9j04 


DATA 


LD Q 




LD 


OS 




To] 05 


■ OUT 


cntQI 




CNT 


06 




Tt] 06 




up[r 




UP 


07 




w] Q7 




SET [to 




SET 


08 




is] OS 




CIN 




00 


09 




i3" J 




GND 




1 




n|oc 









Function Table 



GO 


CLK 


SET 


LO 


CNT 


CIN 


UP 


D9-D0 


Q9-Q0 


OPERATION 


H 


X 


X 


X 


X 


X 


X 


X 


Z 


Hl-Z 


L 




H 


X 


X 


X 


X 


X 


H 


Set all HIGH 


L 




L 


L 


X 


X 


X 


D 


D 


LOAD D 


L 




L 


H 


H 


X 


X 


X 


Q 


HOLD 


L 




L 


H 


L 


H 


X 


X 





HOLD 


L 




L 


H 


L 


L 


L 


X 


Q plus 1 


Count UP 


L 




L 


H 


L 


L 


H 


X 


minus 1 


Count DN 



For supptementary information see appendix thfs section. 
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Absolute Maximum Ratings ^ 

Supply voltage Vqq 7V 

Input voltage 5.5V 

Off-state output voltage 5.5V 

Storage temperature ;. .... try. . r. -65° to +150°C 



Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


Vex; 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 




Width of clock 


High 


40 


40 




Low 


35 


35 


ns 


'su 


Set up time 


60 


50 


ns 


th 


Hold time 


-15 


-15 


Ta 


Operating free-air temperature 


-55 


75 


"C 


Tc 


Operating case temperature 


125 




•c 


Electrical Characteristics over oiieiating conditions 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|L 


Lovif-level input voltage 




0.8 


V 


V|H 


High-level input voltage 




2 


V 


V|C 


Input clamp voltage 


Vcc = MIN 1, = -18mA 


-1.5 


V 


l|L 


Low-level input current 


Vcc = MAX V| = 0.4V 


0.25 


mA 


l|H 


Higti-level input current 


Vcc = MAX V| = 2,4V 


25 




l| 


Maximum input current 


Vcc " '^^^ V( = 5.5V 


1 


mA 


Vol 


Low-level output voltage 


Vcc " 
V|L = 0.8V 
V|H =2V 


MIL Iql = 12mA 


0.5 


V 


COM Iql = 24mA 


VOH 


High-level output voltage 


Vcc = "^'N 
V|L = 0.8V 

V|H =2V 


MIL Iqh = -2mA 


2.4 


V 


COM Iqh = -3.2mA 


'OZL 


Off-state output current 


Vcp = MAX 

Vn = 0.4V 
V|L =0.8V O 

Vn = 2.4V 
V|H =2V O 


-100 
100 


,uA 

mA 


'OZH 


'os 


Output short-circuit current* 


Vcc = 5 OV Vq = OV 


-30 -130 


mA 


'cc 


Supply current 


Vcc = MAX 


120 180 


mA 



No more than one output should be shen'teel' at ^ time and duration of the short-eircuit should not exceed one second. 
"I" All typical values are at V^^ = 5V,T^ = 25°C 



Switcli 


ng Characteristics over operating Conditions 


SYMBOL 


PARAMETER 


TEST CONDITIONS 
(See Test Load) 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


'max 


Maximum clocl< frequency 


CL=SOpF 
Hi = 2oon 

Rj = 390n 


tas 


12.5 


MHz 


IpD 


Clock to Q 


20 


35 


20 


30 


ns 


<PZX 


Output enable delay 


35 


55 


35 


45 


ns 


'PXZ 


Output disable delay 


35 


55 


35 


45 


ns 
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ApplUlillMI 
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16:1 Mux 

SN54/74LS450 



Features/Benefits 

• 24iiin SKINNYDIP" saves space 

• SbnHar to 74150 (Fat DIP) 

• Low cunent PNP inputs reduce loading 



Ordering Information 



PART NUMBER 


PACKAGE 


TElMreRATURE 


SN54LS450 


JS 


MIL 


SN74LS4S0 


NS. JS 


COM 



Description 

The 16:1 Mux selects one of sixteen inputs, EO througti E15, 
specified by four binary select inputs, A, B, C, and D. The true 
data is output on Y and the inverted data on W. Propagation 
delays are the same for both inputs and addresses and are 
specified for 50 pF loading. Outputs conform to the standard 8 
mA LS totem pole drive standard. _ - 



Logic Symbol 



Function Table 



INPUT 
SELECT 


OUTPUT 
W Y 


D 


c 


B 


A 


L 


L 


L 


L 




EO 


L 


L 


L 


H 


El 


El 


L 


L 


H 


L 


E2 


E2 


L 


L 


H 


H 


E3 


E3 


L 


H 


L 


L 


E4 


E4 


L 


H 


L 


H 


E5 


E5 


L 


H 


H 


L 


E6 


E6 


L 


H 


H 


H 


E7 


E7 


H 


L 


L 


L 


E8 


E8 


H 


L 


L 


H 


E§ 


E9 


H 


L 


H 


L 


ITo 


E10 


H 


L 


H 


H 


eTi 


E11 


H 


H 


L 


L 


Ef2 


E12 


H 


H 


L 


H 


£13 


El 3 


H 


H 


H 


L 


EM 


El 4 


H 


H 


H 


H 


ET5 


El 5 



EO ^ 






mJvcc 






El ^ 




E1 


A 




H] A 


EsQ 




E2 


B 




22]b 


£3(7 




E3 


C 






E4 [T 




E4 


D 




20]d 


E5 ^ 




E5 


Y 




Ts] Y 


E6^ 




E6 


W 




Is] W 


E7[7 




E7 


E15 




n| E15 


E8 [7 




EB 


E14 




js] E14 


E9[» 




E9 


E13 




Ts] E13 


E10 [n 




E10 


E11E" 




u] E12 






1 


hJeh 



For supplementary information, see appendix, this section. 
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Absolute Maximum Ratings 

Supply voltage Vqq TV 

Input voltage j . -y. 5.5V 

Off-state output voltage 5.5V 

Storage temperature -fiS'* # rtSI?©." 



(H>arating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MIN NOM MAX 


COMMERCIAL 
MIN NOM MAX 


UNIT 


vcc 


Supply voltage 


4.6 6 5.5 


4.75 5 5.25 


V 




Operating free-air temperature 


-55 


75 


°G 




Operating case temperature 


125 




»c 



Electrical Characteristics over cperat mom 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN TYP-j- MAX 


UNIT 


V|L 


Low-level input voltage 




0.8 


V 


V|H 


High-level input voltage 




2 


V 


V|C 


Input clamp voltage 


Vqc = MIN 1, = -18mA 


-1.5 


V 


l|L 


Low-level input current 


Vcc = V| = 0.4V 


0.25 


mA 


l|H 


Higti-level input current 


Vcc = ^'^^ V| = 2.4V 


25 


nA 


'I 


Maximum input current 


Vcc = '^'^^ V| = 5.5V 


1 


mA 


Vol 


Low-level output voltage 


Vcc " '^'^ 

V|L = 0.8V 
V|H =2V 


Iql = 8mA 


0.5 


V 


Vqh 


High-level output voltage 


Vcc " 

V||_ = 8V 
V|H 2V 


MIL Iqh = -^"lA 


2.4 


V 


COM Iqh = -3.2mA 


'os 


Output short-circuit current* 


Vcc = 5.0V Vq = ov 


-30 -130 


mA 


'CG 


Supply current 


Vcc = IVIAX 


60 100 


mA 



No more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
t AlltyptcalvaluesareatVoQ^SV.T. 25°C 



Switching Characteristics o««r opemthg commiom 



SYMBOL 


PARAMETER 


TEST CONDITIONS 
(See Test Load ) 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


tpD 


Any input to Y or W 


Cl = 50 pF 
... .. Ri =560n 
R2 = I.ikn 


J 25 45 


25 40 


ns 
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Application 



Test Condition lUlux 



'S. • JW to 
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Dual 8:1 Mux 

SN54/74LS451 



Features/ Benefits 

• 24-pin SKINNYDIP™ saves space 

• TMce ttie dMisHy of 74LS151 

• Low currant PNP inputs reduce loading 



Ordering Information 



PART NUiMBER 


PACKAGE 


TEIMPERATURE 


SN54LS451 


JS 


MIL 


SN74LS451 


NS, JS 


COM 



Description 

The dual 8:1 Mux selects one of eight inputs, DO through D7, 
specified by three binary select inputs. A, B, and C. The true 
data is output on Y when strobed by S. Propagation delays are 
the same for inputs, addresses and strobes and are specified for 
50 pF loading. Outputs conform to the standard 8 mA LS totem 
pole drive standard. 



Logic Symiiol 



Function Table 



INPUTS 


OUTPUTS 




SELECT 


STROBE 


Y 




C 


B 


A 


S 




X 


X 


X 


H 


H 




L 


L 


L 


L 


DO 




L 


L 


H 


L 


D1 




L 


H 


L 


L 


D2 




L 


H 


H 


L 


D3 




H 


L 


L 


L 


D4 




H 


L 


H 


L 


D5 




H 


H 


L 


L 


D6 




H 


H 


H 


L 


D7 





GNO 













1D0 






lUI 


A 






1D2 


B 










IDS 


C 










1D4 


S 






1D5 


1Y 










1D6 


2Y 










1D7 


2D7 










2D0 


2DS 










2D1 


205 










2D2 


2D4 






2D3 













24jv 



For supplementary Information, see appendix, this section. 
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SN54/74LS451 



Logic Diagram 



1D1 



1D3 




■■■■ vO 



Absolute Maximum Ratings 



Supply voltage Vqq 

Input voltage •■ . . 

Off-state output voltage 

Storage temperature r-Mn: ■ • • lAtv 



TV 

5.5V 

5.5V 

-65° to +150"C 



Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MIN NOM MAX 


COMMERCIAL 
MIN NOM MAX 


UNIT 


Vcc 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 




Operating free-air temperature 


-55 


75 


"C 




Operating case temperature 


125 




"C 



Electrical Characteristics over operating conditions 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN TYPt MAX 


UNIT 


V|L 


Low-level input voltage 




0.8 


V 


V|H 


High-level input voltage 




2 


V 


V|C 


Input clamp voltage 


Vcc = I^IN l| = -18mA 


-1.5 


V 


l|L 


Low-level input current 


Vcc = '^A'^ V| = 0.4V 


0.25 


mA 


l|H 


Higli-level input current 


Vcc = I^AX V| = 2.4V 


25 


mA 


l| 


Maximum input current 


Vcc = "^^X V| = 5.5V 


1 


mA 


Vol 


Low-level output voltage 


Vcc = "VIIN 
V|L = 0.8V 
V|H =2V 


Iql = 8mA 


0.5 


V 


VOH 


High-level output voltage 


Vcc = "^'N 

V||_ = 0.8V 
V|H =2V 


MIL Iqh = -2mA 


2.4 


V 


COM 1^^ -3.2mA 


'os 


Output short-circuit current* 


Vcc = 5 OV Vq = OV 


-30 -130 


mA 


'cc 


Supply current 


Vcc = 


eo 100 


mA 



No more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
t All typical values are at Vgj, = SV.T^ = 25'C 



Switching Characteristics over operating conditions 



SYMBOL 


PARAMETER 


TEST CONDITIONS 
(See Test Load ) 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 




Any input to Y 


Cl = 50 pF 
Rl =560n 
..j2-iJW . 


25 45 


25 40 


ns 
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SN54/74LS451 



Application 



8:1 Bus Select 



IN 
BUS 
E 



BITO 



BIT 



BIT 



BITO 



-n- 

-E- 

-E- 

-E- 

-E- 

-E 

-E 



1D1 
1D2 
IDS 

1D4 
1D5 
1D6 



107 2D7 
200 2D6 

2D1 2D5 

202 204 
203 



13 
13- 



33- 
13- 
3- 

13- 
3- 

13| 



'.f-<t 



-E 



BIT 2 



-E- 
-E 

-E- 
-E 
-E- 
-E 





1 




1D0 
1D1 A 










102 B 










103 C 










104 S 










105 1Y 










IDO 2Y 










107 207 










2O0 206 










201 205 










202 204 






203 




1 







-UK 

-3- 
-]D- 

-i3- 



BIT 3 



BUS 
SELECT 



BUS OtilT 
STROBE BUS 



BIT 3 

N 



Quad 4:1 Mux 

SN54/74LS453 



Features/ Benefits 

• 24-pin SKINNYDIP" savM spaoB 

• Twice the density of 74LS153 

• Law cunent PNP inputs reduce loading 



Ordering Information 



PART NUMBER 


PACKAGE 


TEMPERATURE 


SN74LS453 


JS 


MIL 


SN54LS453 


NS, JS 


COM 



Description 

The quad 4:1 Mux selects one of four Inputs, CO through C3, 
specified by two binary select Inputs, A and B. The true data Is 
output on Y. Propagation delays are the same for inputs and 
addresses and are specified for 50 pF loading. Outputs confBfftr 
to the standard 8 mA LS totem pole drive standard. 



Logic Symbol 



Function Table 



iNPUT 


OUTPUTS 


SELECT 


Y 


B A 




L L 


CO 


L H 


01 


H L 


02 


H H 


C3 



ICO I 
1C1 I 
1C2 I 
1C3 I 

2ca I 

2C1 I 
2C2 I 
2C3 I 













1C0 






1C2 


A 






B 






1C3 


4C3 










2C0 


1V 










2C1 


2V 










2C2 


3Y 










203 


4Y 










3C0 


4C2 










3C1 


4C1 










3C2 


4C0 






3C3 













|1Y 
|2V 
|3Y 



For supplementary information, see appendix, ttiis sedtTo^. 
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SIIS4/^74LS45a 



Logic Diagram 



1C2 



2C2 



• !3C1 



GND 




1^ 'Vfi- ;<*fc<i 
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Absolute Maximum Ratings . ^ 

Supply voltage Vqq , TV 

Input voltage 5.5V 

Off-state output voltage 5.5V 

Storage temperature ^r. -.v;^.'. — - -65° to +150° C 



Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MIN NOM MAX 


COMMERCIAL 
MIN NOM MAX 


UNIT 


Vcc 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 




Operating free-air temperature 


-55 


75 


°c 


Tc 


Operating case temperature 


125 




°c 


Electrical Characteristics over operating conaiHom 


SYMBOL 


PARAMETER 


TEST CONDITtONS 


MIN TYPt MAX 


UNIT 


V|L 


Low-level input voltage 




0.8 


V 


V|H 


High-level input voltage 




2 


V 


V|C 


Input clamp voltage 


Vcc " l^'N l| = -18mA 


-1.5 


V 


l|L 


Low/-level input current 


Vqc = MAX V| = 0.4V 


0.25 


mA 


l|H 


High-level input current 


Vcc = MAX V| = 2.4V 


25 


IsA 


l| 


Maximum input current 


Vcc = MAX V| = 5.5V 


1 


mA 


Vol 


Low-level output voltage 


Vcc = 
V|L = 0.8V 
V|H =2V 


IqL = 8mA 


0.5 


V 


Vqh 


High-level output voltage 


Vcc = MIN 
V||_ - 0.8V 
V|H =2V 


MIL Iqh = -2mA 


2.4 


V 


COM Iqh = -3.2mA 


'os 


Output short-circuit current* 


Vcc = 5.0V Vq = OV 


-30 -130 


mA 


'cc 


Supply current 


Vcc = MAX 




mA 


* No more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 
t All typical values are at = 5V, = 25° C 

Switching Characteristics over operating conditions 


SYMBOL 


PARAMETER 


TEST CONDITIONS 
(See Test Load) 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


tpD 


Any input to V 


Cl = 50 pF 

Ri =56on 

R2 = 1.1kn 


■ 25 45 


25 40 


ns 
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Application 



IN 
BUS 



4:1 Bus Select 




BIT 4 



BIT 4 



BITS 



BITS 










ICO 
1C1 A 

1C2 B 














1C3 4C3 










2C0 1Y 










2C1 2Y 










2C2 3Y 










2C3 4Y 










SCO 4C2 










3C1 4C1 










3C2 4C0 






3C3 




1 





Oh 
iih 



BELECT 



OUT 
BUS 



BIT 6 
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HMSl Appendix 



UN 'jr. 




♦ or -n 
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PAL20X8 PAL DESIGN SPECIFICATION 

P8005 (74LS461) BHOOJER/KAZMl/BIASCO 02/10/81 

8-BIT SYNCHRONCXJS COUNTER 

mi SUNNYVALE, CALIFORNIA 

CLK 10 DO Dl D2 D3 D4 D5 D6 D7 II GND 

/OC /CO Q7 Q6 Q5 Q4 Q3 Q2 Ql QO /CI VCC 



/QO :« /I1*/I0 

+ 10 * /QO 

:+: IIVIO * /DO 

+ II* 10 * CI 



; CLEAR LSB 
; COUNT/HOLD 
;LOAD DO (LSB) 
; COUNT 



/Ql :« /I1*/I0 

+ 10 * /Ql 

: + ! IIVIO * /Dl 
+ II* 10 * CI*QO 

/Q2 != /I1*/I0 

+ 10 * /Q2 

:+: X1*/I0 • /b2 
+ II* 10 * CI*Q0*Q1 



; CLEAR 
; COUNT/HOLD 
;LOAD Dl 
; COUNT 

;CLEAIl 
;OODNT/ffi}LD 
;LOAD D2 
fCOatFT 



/Q3 




/I1*/I0 






; CLEAR 




+ 


10 


* 


/Q3 


; COUNT/HOLD 




:+s 


I1*/I0 


* 


/D3 


;LOAD D3 




+ 


11* 10 


* 


CI*Q0*Q1*Q2 




/Q4 




/I1*/I0 






•CLEAR 




+ 


10 


* 


/Q4 


; COUNT/HOLD 




:+: 


I1*/I0 


* 


/D4 


■LOAD D4 




+ 


11* 10 


* 


CI*Q0*Q1*Q2*Q3 




/Q5 




/I1*/I0 






;CLEAR 




+ 


10 


* 


/Q5 


;COUNT/WLD 






I1*/I0 


* 


/D5 


;LOAO D5 




+ 


11* 10 


* 


CI*Q0*Q1*Q2*Q3*Q4 


; COUNT 



/Q6 




/I1*/I0 






+ 


10 


* 




:+: 


I1*/I0 


* 




+ 


11* 10 


• 


/Q7 




/I1*/I0 






+ 


10 


* 






I1*/I0 


* 




+ 


11* 10 


• 



/Q6 
/D6 

CI*Q0*Q1*Q2*Q3*Q4*Q5 



/Q7 
/D7 

CI*Q0*Q1*Q2*Q3*Q4*Q5*Q6 



CLEAR 
COUNT/BOLD 
LOAD D6 
COUNT 

CLEAR MSB 

COUNT/HOLD 
LOAD D7 (MSB) 
COUNSr 



IF (VCC) CO - CI*Q0*Ql*Q2*Q3*Q4*Q5*QfftS7 ^ i'^MlCi'^Qm 
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FUNCTION TABLE 



CLK /OC II 10 D7 D6 D5 D4 D3 D2 Dl DO /CI /CO Q7 Q6 Q5 Q4 Q3 Q2 Ql QO 



. -INPOT — - -OOTPOT- 

; CONTROL mSTR DDDDDHDD CMSCC ' QQQQQQQQ 
} CLK /DC II iO 76543210 /6i/<te 76543210 



COIMENTS 

(Sex liswiJiiS)'^'-'^ 





T. ' 




T. 


C 






|] 




L 


H 






Jj 






c 




g 


T. 




Jj 


n 


n 




T. 


u 


T. 
Jj 










\^ 


T. 
ij 




T 
u 


n 

\^ 


T. 


XT 
11 


TT 

n 


\^ 


T 
Li 


tl 
£1 


Li 


f> 


T 
Li 


tJ 
£1 


£1 


r* 


T 
ll 


IT 
£1 


T 
Ll 


n 


T 
ll 


n 
n 


n 


f% 


T 


n 
n 


T 
ll 


ft 


T 
Jj 


"fir" 
tl 


tr 
n 


r* 

\^ 


T 

Ll 


tj 

n 




r* 


Ll 


n 


Ll 


ri 

L> 


Ll 


n 


T 
Ll 




Ll 


n 


T 




Ll 


TJ 

£1 


T 

Ll 




L 


n 


L 


c 


L 


H 


L 




T 
Ij 


If 


r 
Ij 


c 


T 

Ij 


If 


ll 




T 
ii 


n 


T 
ll 




T 
ll 


Ll 


ll 




T 

Ll 


tl 


£1 




Ll 


n 


n 


/-I 


r 
Ii 


tj 
n 


TT 

n 


L. 


T 

Ll 


n 


a 
n 




L 


n 


tx 
a 


C 


Ii 


H 


H 


c 


L 


H 


H 


c 


L 


H 


H 


c 


L 


R 


H 


c 


Ii 


H 


H 


c 


L 


H 


H 


c 


L 


H 


H 


c 


L 


H 


L 


c 


Ii 


H 


H 


c 


L 


H 


H 


c 


L 


L 


H 


c 


L 


H 


H 


X 


H 


X 


X 



LLLLLLLH 

xxxxxxxx 

LLLLLLHH 
XXXXXXXX 

T,T.T.T.T.HHH 

XXXXXXXX 
LLLLUHHU 

XXXXXXXX 
LLLHHHHH 
XXXXXXXX 
LLHHHHHH 
XXXXXXXX 
LHHHHHHH 
XXXXXXIQC 

xxiecxac x 

HHHHHHHH 
HHHHHHHL 
HHHHHHLH 
HHHHHLHH 
HHHHLHHH 
HHHLHHHH 

WHT.HHH HH 

HLHHHHHH 
LHHHHHHH 

HHHHHHHH 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 

xxxxxxxx 

XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
XXXXXXXX 
HHHHHHHL 
XXXXXXXX 
XXXXXXXX 
LLLLLLIiL 

HHHHHHHH 

XXXXXXXX 



X 

L 

X 

L 

X 

L 

X- 

L 

X 

L 

X 

L 

X 

%• 

L 

t; 

L 
X 
X 
X 
X 
X 
X 
X 
X 
L 
X 
L 
L 
L 
L 
% 
L 
L 
L 
L 
L 
L 
L 
X 
L 
H 
L 
L 
X 



H 
H 
H 
H 
H 

H 
H 
H 
H 
H 
H 



L 

a 

L 
H 
H 
H 
H 
H 
H 
B 
V 
L 
H 
H 
H 
H 
H 

m 

H 
H 
H 
H 

H 
H 
H 
H 
L 
H 
L 
H 
X 



LLLLLLLH 
LLLLLLHL 
LLLLLLHH 
LLLLLHLL 
LUiLLHHH 

. TJ.T.T.HT.T.T. 

'LLLLHCTff 
LLLHLLLL 
LLLHHHHH 
LLHLLLLL 
LLHHHHHH 
LHLLLLLL 
LHHHHHH H 

- TIT.T:T.T.TT.T; 
HHHHHHHH 
LLLLli£lI 
HHHHHHHH 
HHHHHHHL 
HHHHHHLH 
HHHHHLHH 
HHHHLHHH 
UMULHUUU 
WHT.HHHHH 
HT.HHHHHH 

LHHHHHHH 
HHHHHHH H 
LLLLLLLL 
LLLLLLLH 
LLLLLLHL 
LLLLLLHH 
LLLLLHLL 
LLLLLHLH 
LLLLLHHL 
LLLLLHHH 
r.T.T.LHT.LL 
LLLLHLHH 
LLLLHHLL 
LLLLHHLH 
LLLLHHHL 
HHHHHHHL 

HHHHHHHH 

HHHHHHHH 

T.LLLT.T.T.T. 
ZZZZZZZZ 



LOAD (01) " ■ 
INCREMENT 
LOAD (03) 
INCREMENT 
LOAD (07) 
mCSEMEtlT 
LOAD (OPf^ 
INCREMENT 
LOAD (IF) 
INCREMENT 
LOAD (3F) 
INCREMENT 
LOAD (7F) 

INCIUOIEITir — — — 
LOAD (FF) 

LOAD (FP) 



J 



T 



LOAD (FE) 
LOAD (FD) 
LOAD (FB) 
LOAD (F7) 
LOAD (EF) 
LOAD (DF) . 
LOAD (BF) 
LOAD (7F) 

LOAD (FP) , 

CLEAR 

INCREMENT TO (01) ' -JlJai «o 
INCREMENT TO (02) 
INCREMENT TO (03) 
INCREMENT TO (04) 
INCREMENT TO (05) 
INCRENENT TO (06) 
mCRBOENT to (07) 
INCREMENT TO (08) 
INCREMENT TO (09) 
INCREMENT TO (OA) 
INCREMENT TO (OB) 
INCREMENT TO (0g) 
LOAD (FE) 

INCREMENT TO (FF) /CO=L 
CI INHIBITS COUNT AND CO 
HOLD SEL INBIBITS COOm ONLY 
INCREMBIT TO (00) 
TEST HI-Z 
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DESCRIPTION 

THIS IS AN 8-BIT SXNCHRONODS COOSTBR WITH PARALLEL LOAD, CLEAR, AND HOLD 
CAPABILITY. THE LOAD OPERATION LOADS THE INPUTS (D7-D0) INTO THE OUTPUT 
REGISTER (Q7-Q0). THE CLEAR OPERATION RESETS THE OUTPUT REGISTER TO ALL UOWS. 
THE WU3 OPERATION HOLDS THE PmnOUS VALUE REGARDLESS OF CLOCK TRANSITZORS . 
THE INCREMENT OPERATION ADOS ONE TO THE OUTPUT REGISTER WHEN THE GABRT-IN IS 
TRUE (/CI=L) , OTHERWISE THE OPERATION IS A BOLD. THE CARRY-OUT (/CO) IS TRUE 
(/CO«L) NHEN TBE OUTPUT REGISTER (Q7-Q0) IS ALL HIGBS, OTHERWISE FALSE (/QO-H) . 

THESE OPERATIONS ARE E^RCISBD IN T9E KDNCTiaii TABI^ Km SXmmiZm IN TOB 
OPERATIONS TABLE: . > j 

K\ r .1 



/OC 


CLK 


11 


10 


/CI 


D7-D0 


Q7-Q0 




H 


X 


X 


X 


X 


X 


Z 


HI-Z 


L 


c 


L 


L 


X 


X 


L 


CLEAR 


L 


c 


L 


H 


X 


X 


Q 


HOLD 


L 


c 


H 


L 


X 


D 


D 


LOAD 


L 


c 


H 


H 


H 


X 


Q 


HOLD 


L 


c 


H 


H 


L 


X , 


Q PLUS 1 


ItiCREMENT 



TWO OR MORE 8-BIT COUNTERS HAY BE CASCADED TO PROVIDE LARGER OODNTERS. THE 
OPERATION CODES WERE CHOSEN SUCH THAT WHEN II IS HIGH, 10 NAY BE USED TO SELECT 
BETWEEN LOAD AND INCREMENT AS IN A PROGRAM COUNTER (JUMP/INCREMENT) . ALSO, 
CARRY-ODT (/CO) AND CARRY- IN (/CI) ARE LOCATED ON PINS 14 AND 23 RESPECTIVELY, 
WHICH PROVIDES FOR CONVENIENT INTERCONNECTIONS WHEN TWO OR MORE 8-BIT COUNTERS 
^ASB CRSCSUJED TO mPLSOaiT LARGER OOUNT^iS. 



CARRVIN 

OP SELECT a 



:>i 



D 



8-BIT 
SYNCHRONOUS 
COUNTER 



-CLOCK 

-OUTPUT CONTROL 
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8-BIT SYNCHRONOUS COUNTER 

1 COIOOOOOOOIXOHLLLLLLLHXI . II 

2 CIXXXXXXXXIXOHLLLLLLHLOI «e' lOCf r»?» friC ■ XC'«li ?1 

3 COllOOOOOOlXOHLLLLLLHHXl 

4 CIXXXXXXXXIXOBLLLLLBLLOI 

5 COlllOOOOOlXOHLLLLLHHHXl ~X 

6 ClXXXXXXXXlXOHLIJiLHLLLOl - 

7 COllllOOOOlXOHLLLLHHHHXl 

8 CIXXXXXXXXIXOHLLLHLLLLOI 

9 COlllllOOOlXOHLLLHHHHHXl 

10 CIXXXXXXXXIXOHLLHLLLLLOI •- ■ - 

11 COllllllOOlXOHLLHHHHHHXl 

12 CIXXXXXXXXIXOHLHLLLLLLOI . ~ i 

13 COlllllllO 1X0HT.HHHHHHHX1 *T* X — 

14 CIXXXXXXXXIXOHHLLLLLLLOI 

15 COlllllllllXOLHHHHHHHHOl 

16 CIXXXXXXXXIXOHLLLLLLLLOI 

17 COlllllllllXOLHHHHHHHHOl 

18 COOllllllllXOHHHHHHHHLXl :*f> X 

19 COlOlllllllXOHHHHHHHLHXl 

20 COllOllllllXOHHHHHHLHBXl 

21 COlllOlllllXOHHHHHLBHHXl 

22 COllllOllllXOHHBHLBHHHXl 

23 COlllllOlllXOHHHLHHHHHXl —X - *— 

24 COllllllOllXOHHLHHHHHHXl 

25 COlllllllOlXOHLHHHHHHHXl — 

26 COlllllllllXOLHHHHHHHHOl - - . 

27 COXXXXXXXXOXOHLLLLLLLLXl 

28 CIXXXXXXXXIXOHLLLLLLLHOI 

29 CIXXXXXXXXIXOHLLLLLLHLOI 

30 CIXXXXXXXXIXOHLLLLLLHHOI - - — 

31 CIXXXXXXXXIXOHLLLLLHLLOI : — y - - 

32 CIXXXXXXXXIXOHLLLLLHLHOI ^ — 

33 CIXXXXXXXXIXOHLLLLLHHLOI -> — » T- -X— 

34 CIXXXXXXXXIXOHLLLLLHHHOI 

35 CIXXXXXXXXIXOHLLLLHLLLOI - 

36 CIXXXXXXXXIXOHLLLLHLHHOI 

37 CIXXXXXXXXIXOHLLLLHHLLOI 

38 CIXXXXXXXXIXOHLLLLHHLHOI fll - — X — — -X ^X-- >: >■ 

39 CIXXXXXXXXIXOHLLLLHHHLOI 

40 COOllllllllXOHHHHHHHHLXl — ~ ' 

41 C1XXXXXXXX1X0LHHHHH9HH01 — — • — - . - .. 

42 ClXXXXXXXXlXOHHHBHBHHHll ^ X — X - - 

43 ClOOOOOOOOOXOLHHHHHHHHOl Y.- X- i— X- - . 

44 CllllllllllXOHLLLLLLLLOl 

45 XXXXXXXXXXXXIXZZZZZZZZXI 




PASS SIMULATION 



8-BIT SYNCHRONOUS COCNTER 



11 1111 1111 2222 2222 2233 3333 3333 
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 



3 -X X— /I1*/I0 

9 X X IO*/QO 

10 -X X X I1*/I0*/D0 

11 X— X X I1*I0*CI 

18 -X X X I1*/I0*/D1 

19 X— X — X X I1*I0*CI*Q0 



/I1*/I0 
I0*/Q2 
Il*/I0*/D2 
11*I0*CI*Q0*Q1 

/iiVio - 

I0VQ3 

I1*/I0*A>3 

I1*I0*CI*Q0*Q1*Q2 



40 -X X— /I1*/I0 

41 X X I0*/Q4 

'1^ 42 -X X X I1*/I0*A>4 

43 X— X — X X X X X I1*I0*C1*Q0*Q1*Q2*Q3 

' , - ' ■ ' ■ ^ / . ■ . .,'■ '< 

49 X X I0*/Q5 ^ 

50 -X X X Il*/I0*/D5 

51 X— X — X X X X X X I1*I0*CI*Q0*Q1*Q2*Q3*Q4 



24 -X— 

25 X 

26 -X— 

27 X— X 



—x : 



X— 



32 -X— 

33 X 

34 -X— 

35 X— X 



-X : 



X 

X— 

X X 



x— 

— X 

X 



56 -X X— /I1*/I0 

58 -X X X Il*/I0*/D6 

59 X— X — X X X X X X X Il*I0*GI«Q0*Ql*Q2*e3*Q4-^ 

66 -X X— X Il*/I0*/D7 

67 X—X — X X X X ^X X X X I1*I0*CI*Q0*Q1*Q2*Q3*Q4- 

72 

73 X —X X X X X X X X CI*Q0*Q1*Q2*Q3*Q4*Q5*Q6- 



IiEGEMD: X : FOSE NOT BUCm (L,N,0) - : FIKSE BLOWN (H,P,1) 
NUMBER 07 FUSES BUM = 1243 



HMSI/Appendix/LS461 



8-Bit Synchronous Counter 

^>«K> IOC 



Logic Diagram PAL20X8 



CLK^ ^ 



10 MJS- 



DO 



D1 '—t^ 



D3 '—t^ 



OS 5— IX 



B6 MX 



D7 M:^ 



11 M:^ 
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PAL20X8 

P8003 (74LS498) 

8-BIT SHIFT REGISTER, PARALLEL IM/ODT 
MMI SDNNYVALE, CALIFORNIA 
CLR 10 DO Dl D2 D3 D4 D5 D6 D7 II GND 
/OC RILO Q7 Q6 Q5 Q4 Q3 Q2 Ql QO LIRO VCC 



/Q7 


:= /Il*/I0*/Q7 


;HOLD Q7 




+ /II* I0*/RILO 


• SHTPT PTtiH'M 




:+: Il*/I0*/Q6 


; SHIFT LEFT 




+ 11* I0*/D7 


iUilfi D7 


/Q6 


:= /Il*/I0*/Q6 


;HOLD Q6 




+ /II* 10* /07 






:+! Il*/I0*/Q5 


; SHIFT LEFT 




+ 11* I0*/D6 


•LOAD D6 


/Q5 


:= /Il*/I0*/Q5 


;HOLD Q5 






J onxc X axuhx 




:+: Il*/I0*/Q4 


; SHIFT LEFT 




+ 11* I0*/I>5 


jLQAD D5 


/Q4 


:» /Il*/I0*/Q4 


•HOLD Q4 




+ /T1* Tfl*/*!"; 


/OtlXJ:! KXunx 




:+: Il*/I0*/Q3 


; SHIFT LEFT 




+ 11* I0*/l)4 


;LOAD D4 


/Q3 


:= /11*/I0*/Q3 


;BOLD Q3 




+ /II* I0*/O4 


f OOXJ: X AXUXIX 




:+: Il*/I0*/Q2 


; SHIFT LEFT 




+ 11* I0*/D3 


;LOAD D3 


/Q2 


S" /I1VI0*/Q2 


;BOU) Q2 




+ /II* I0*/Q3 






:+! I1*/I0*/Q1 


J SHIFT LEFT 




+ 11* I0*/D2 




/Ql 


:= /I1*/I0*/Q1 


;HOLD Ql 




+ /II* I0*/Q2 


; SHIFT RIGHT 




:+: I1*/I0*/Q0 


; SHIFT LEFT 




+ 11* I0*/D1 


;LOAD Dl 


/QO 


:= /I1*/I0*/Q0 


;HOLD QO 




+ /II* I0*/Q1 


; SHIFT RIGHT 




:+: Il*/I0*/LIRO 


{SHIFT LEFT 




..+ 11* IO*/t>0 


;LOAO DO 


IF(/I1*I0) /LIRO ■ /QO 


;LEFT IN RIGHT ODT 


IF(I1*/I0) /RILO - /Q7 


; RIGHT IN LEFT ODT 



PAL DESIGN SPECIFICATION 
DDI GORDON 02/20/81 



i«iM/ll | i iwntf K/I.S49a 



FUNCTION TABLE 

II 10 D7 D6 D5 D4 D3 D2 Dl DO CLK /OC RILO LIRO Q7 ft6 Q5 Q4 Q3 Q2 Ql QO 
; DATA IN Q OCT 

;I1IST D7 DO CLK /OC RILO LIRO Q7 QO COMMEMtS. 



HH 


T.T.T.r.T.T.T.T. 


c 


L 


Z 


Z 


LLLLLLLL 


LOAD ZEROS 








LL 


xxxxxxxx 


c 


L 


Z 


Z 


LLLLLLLL 


HOLD 








HL 


xxxxxxxx 


c 


L 


L 


H 


LLLLLLLH 


SHIFT LEFT 


IN 


A H 




HL 


xxxxxxxx 


c 


L 


L 


L 


LLLLLLHL 


SHIFT LEFT 


IN 


A L - — - 




HL 


xxxxxxxx 


c 


L 


L 


L 


TiTtTiTiTiWT,T. 


SHIFT LEFT 


IN 


A L 


—x ; 


HL 


xxxxxxxx 


c 


L 


L 


L 


LLLLHLLL 


SHIFT LEFT 


IN 


A L 




HL 


xxxxxxxx 


c 


L 


L 


L 


LLLRTiTJ.L 


SS FT LEFT 


IN 


A--L- - *■ - 




HL 


xxxxxxxx 


c 


L 


L 


L 


LLHTJJJ.L 


SHIFT LEFT 


IN 


A L 


— 


HL 


xxxxxxxx 


c 


L 


L 


L 


LRLLLLLL 


SHIFT LEFT 


IN 


A L 




HL 


xxxxxxxx 


c 


L 


H 


L 


HLLLLLLL 


SHIFT LEFT 


IN 


A L 




HL 


xxxxxxxx 


c 


L 


L 


L 


LLLLLLLL 


SHIFT LEFT 


IN 


A L 




LL 


xxxxxxxx 


X 


H 


Z 


Z 


ZZZZZZZZ 


TEST HI-Z 








HH 


HUUUUHUH 


c 


L 


Z 


Z 


HUUUHUUH 


LOAD 








LL 


xxxxxxxx 


c 


L 


Z 


Z 


HHHUHHHH 


HOLD 




X 




LH 


xxxxxxxx 


c 


L 


L 


H 


T.HHKHHHK 


SHIFT RIGHT 


IN A L 




LH 


xxxxxxxx 


c 


L 


H 


H 


1f1f,UIIIIUIIM 


SHIFT RIGHT 


IN A H 




LH 


xxxxxxxx 


c 


L 


H 


H 




SHIFT RIGHS 


IN A--a 


_ . - . -.-■).- 


LH 


xxxxxxxx 


c 


L 


H 


H 


HHHIiHHHH 


SHIFT RIGHT 


IN A H 




LH 


xxxxxxxx 


c 


L 


H 


H 


HHHHLHHH 


SHIFT RIGHT 


IN A H 




LH 


xxxxxxxx 


c 


L 


H 


H 


HHHHHLHH 


SHIFT RIGHT 


IN A H 




LH 


xxxxxxxx 


c 


L 


H 


H 


HHUUUULH 


SHIFT RIGHT 


IN A H 




LH 


xxxxxxxx 


c 


L 


H 


L 


HHHHHHHL 


SHIFT RIGHT 


IN A H 




LH 


xxxxxxxx 


c 


L 


H 


H 


HHHHHHHH 


SHIFT RIGHT 


IN A H 




LL 


xxxx»cxx 


X 


B 


2 


Z 


ZZZjSZZZZ 


HI-Z :- 






. — X- 



DESCRIPTION 

THIS PAL IS AN 8-BIT SHIFT REGISTER WITH PARALLEL LOAD AND HOLD CAPABILITY. 
TWO FUNCTION SELECT INPUTS (10,11) PROVIDE ONE OF FOUR OPERATIONS WHICH OCCUR 
SYNCHRONOUSLY ON THE RISING EDGE OF THE CLOCK (CLK) . THESE OPERATIONS ARE: 





CLK 


11 


10 


D7-D0 


Q7-Q0 


OPERATICai - 


H 


X 


X 


X 


X 


Z 


HI-Z 


L 


c 


L 


L 


X 


L 


BOLD 


L 


c 


L 


H 


X 


SR(Q) 


SHIFT RIGHT 


L 


c 


H 


L 


X 


SL(Q) 


SHIFT LEFT 


L 


c 


H 


H 


D 


D 


LOAD 



TWO OR MORE 8-BIT SHIFT REGISTERS MAY BE CASCADED TO PROVIDE LARGER SHIFT 
REGISTERS. RILO AND LIRO ARE LOCATED ON PINS 14 AND 23 RESPECTIVELY, WHICH 
PROVIDES FOR CONVENIENT INTERCONNECTIONS WHEN THO OR MORE 8-BIT SHIFT REGISTERS 
ABE CASCADED TO IKBIXKBSX .UUJ^ER Ugl^^TBlS. 



8-BIT SHIFT REGISTER, PARALLEL IN/OUT 

U 1111 1111 2222 2222 2233 3333 3333 
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 



X — X— /I1*I0 

1 X — ^ /QO 

8 -X X X~ /I1*/I0*/Q0 

9 X X X~ /I1*I0*/Q1 

10 -X-X X I1*/IO*AIHO 

11 X X- X Il*IO*/t)0 

16 -X X '—^ ^ -X— /I1*/I0*/Q1 

17 X X X— /I1*I0*/Q2 

18 -X X X I1*/I0*/Q0 

19 X X X I1*I0*/D1 



/Il*/I0*/Q2 
/I1*I0*/Q3 

I1*/I0*/Q1 
I1*I0*/D2 

/Il*/I0*/Q3 
/I1*I0*/Q4 
Il*/I0*/Q2 
I1*I0*/D3 

/Il*/I0*/Q4 
/il*I0*/Q5 
Il*/I0*/Q3 
ll*lt)*/1>4 



48 -X X X~ /Il*/I0*/Q5 

49 X X X~ /I1*I0*/Q6 

50 -X X X Il*/I0*/Q4 

51 X X X I1*I0*/D5 

56 -X X ~ X— /Il*/I0*/Q6 

57 X X -X — /I1*I0*/Q7 

58 -X X Il*/I0*/Q5 

59 X — — -^X*- X Il*I0*/i36 

64 -X X -X— /Il*/I0*/Q7 

65 X X-X /I1*IO*/RILO 

66 -X X X Il*/I0*/Q6 

67 X X— X I1*I0*/1)7 

72 -X X I1*/I0 

73 X /Q7 

LEGEND: X : FDSE NOT BLOWN (L,N,0) - : HJSE BLOWN (H,P,1) 



NUMBER OF FUSES BLOW = 1338 



35 X X X 



8-42 



8-bit Shift Register, Parallel In/Out 



Logic Diagram PAL20X8 



CLK ! [> 



10 H:^. 



DO 2—1^ 



D1 



D2 



D3 



D4 



DS 5—0^ 



06 




LIRO 



RILO 



OC 
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PAL20X8 
74LS380 

MULTIFUNCTION OCTAL REGISTER 
mi SUNNYVALE, CALIFORNIA 
CLK /LD DO Dl D2 D3 D4 D5 D6 D7 
/OC /PR Q7 Q6 Q5 Q4 Q3 Q2 Ql QO 



/QO := CLR 

+ /CLR*/PR*/LD*/QO 
:+': /CLR* /PR* LD* POL*/D0 
+ /CLR* /PR* LD*/POL* DO 

/Ql := CLR 

+ /CLR*/PR*/LD*/Q1 

!+! /CLR*/PR* LD* P0L*/D1 

+ /CLR*/PR* LD*/POL* Dl 

/Q2 := CLR 

+ /CLR*/PR*/LD*/Q2 
:+: /CLR*/PR* LD* P0L*/D2 
+ /a:.R*/PR* LD*/POL* D2 

/Q3 := CLR 

+ /CLR*/PR*/LD*/Q3 
!+: /CLR*/PR* LD* P0L*/D3 
+ /CLR*/PR* LD*/POL* D3 

/Q4 := CLR 

+ /CLR*/PR*/LD*/Q4 
:+: /CLR* /PR* LD* P0L*/D4 
+ /CLR*/PR* LD*/POL* D4 

/Q5 := CLR 

+ /CLR*/PR*/LD*/Q5 
:+: /CLR*/PR* LD* P0L*/D5 
+ /CLR*/PR* LD*/POL* D5 

/Q6 := CLR 

+ /CLR*/PR*/LD*/Q6 
;+: /CLR*/PR* LD* P0L*/D6 
+ /CLR*/PR* LD*/POL* D6 

/Q7 := CLR 

+ /CLR*/PR*/LD*/Q7 
:+: /CLR* /PR* LD* P0L*/D7 
+ /CLR*/PR* LD*/POL* D7 



PAL DESIGN SPECIFICATION 
BIRKNER/KAZMI/BLASCO 02A6/81 



POL GND 
/CLR VCC 



; CLEAR 
;HOLD 

;LOAD DO (TRUE) 
;LOAD /DO (COMP) 

; CLEAR 
;HOLD 

;LOAD Dl (TRUE) 
;LOAD /Dl (COMP) 

; CLEAR 
;HOLD 

;LOAD D2 (TRUE) 
;LOAD /D2 (COMP) 

; CLEAR 
;HOLD 

;LOAD D3 (TRUE) 
;LOAD /D3 (COMP) 

; CLEAR 
;HOLD 

;LOAD D4 (TRUE) 
;LOAD /D4 (COMP) 

; CLEAR 
; HOLD 

•LOAD D5 (TRUE) 
rLOAD /D5 (COMP) 

; CLEAR 
;HOLD 

;LOAD D6 (TRUE) 
;LOAD /D6 (COMP) 

; CLEAR 
;HOLD 

;LOAD D7 (TRUE) 
;LOAD /D7 (COMP) 



8*44 
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FUNCTION TABLE 

D7 D6 D5 D4 D3 D2 Dl DO /CLR /PR /LD POL CLK /OC Q7 Q6 Q5 Q4 Q3 Q2 Ql QO 

; INPUTS CONTROL OUTPUTS CXmMSNTS -.z.,!. 
; D7 DO /CLR /PR /LD POL CLK /OC Q7 QO 



; CLEAR AND 


PRESET 


TESTS 
















HHHHHHHH 


L 


L 


L 


H 


c 


L 


LLLLLLLL 


CLEAR (OVERRIDES PRESET/LOAD) 


LLLLLLLL 


H 


L 


L 


H 


c 


L 


HHHHHHHH 


PRESET (OVERRIDES LOAD) 


LLLLLLLL 


L 


L 


L 


L 


c 


L 


LLLLLLLL 


CLEAR (POL=L) 




HHHHHHHH 


H 


L 


L 


L 


c 


L 


HHHHHHHH 


PRESET (POL=L) 


•LOAD DATA 


- WALKING 


ZEROES 


(TRUE DATA) 








HHHHHHHL 


H 


H 


L 


H 


C 


L 


HHHHHHHL 


LOAD HBX(FE) 




HHHHHHLH 


H 


H 


L 


H 


C 


L 


HMHHHLir 






HHHHHLHH 


H 


H 


L 


H 


C 


L 


HHHHHLHH 


LOAD 


HEX(FB) 




HHHHLHHH 


H 


H 


L 


H 


C 


L 


HHHHLHHH 


LOAD 


HEX(F7) 




HHHLHHHH 


H 


H 


L 


H 


C 


L 


HHHLHHHH 


LOAD 


HEX(EF) 




HHLHHHHH 


H 


H 


L 


H 


c 


L 


HHLHHHHH 


LOAD 


HEX ( DF) 


- -- 


HLHHHHHH 


H 


H 


L 


H 


c 


L 


HLHHHHHH 


LOAD 


HEX(BF) 




LHHHHHHH 


H 


H 


L 


H 


c 


L 


LHHHHHHH 


LOAD 


HEX(7F) 




HHHHHHHH 


H 


H 


L 


H 


c 


L 


HHHHHHHH 


LOAD 


HEX ( HP) 


.1 h 


;LOAD DATA 


- WALKING 


ONES 


(TRUE 


DATA) 










LLLLLLLH 


H 


H 


L 


H 


c 


L 


LLLLLLLH 


LOAD 


HEX (01) 


H 


LLLLLLHL 


H 


H 


L 


H 


c 


L 


LLLLLLHL 


LOAD 


HEX(02) 


'• 


LLLLLHLL 


H 


H 


L 


H 


c 


L 


LLLLLHLL 


LOAD 


HBXfMt 


— ~— . - 


LLLLra<LL 


H 


H 


L 


H 


c 


L 


LLLLHLUi 


LOAD 


HEX(Oe) 




LLLHLLLL 


H 


H 


L 


H 


c 


L 


LLLHLLLL 


LOAD 


HEX(IO) 




LLHLLLLL 


H 


H 


L 


H 


c 


L 


LLHLLLLL 


LOAD 


HEX(20) 




LHLLLLLL 


H 


H 


L 


H 


c 


L 


LHLLLLLL 


LOAD 


HEX(40) 




HLLLLLLL 


H 


H 


L 


H 


c 


L 


HLLLLLLL 


LOAD 


HEX(80) 




LLLLLLLL 


H 


H 


L 


H 


c 


L 


LLLLLLLL 


LOAD 


HEX (00) 




JLOAD DATA 


- WALKING 


ONES 


(COMP 


DATA) 


WITH HOLD 


TESTS 






LLLLLLLL 


H 


H 


H 


L 


c 


L 


LLLLLLLL 


HOLD 




a* 13-r»*? 


LLLLLLLL 


H 


H 


L 


L 


c 


L 


HHHHHHHH 


LOAD 


HEX(00)J 


LLLLLLLL 


H 


H 


H 


H 


c 


L 


HHHHHHHH 


HOLD 






LLLLLLLH 


H 


H 


L 


L 


c 


L 


HHHHHHHT. 


LOAD 






LLLLLLLL 


H 


H 


H 


L 


c 


L 


HHHHHHHL 


HOLD 






LLLLLLHL 


H 


H 


L 


L 


c 


L 


HHHHHHLH 


LOAD 


HEX(02) 


{coim 


HHHHHHHH 


H 


H 


H 


H 


c 


L 


RHBBBHLH 


HOLD 






LLLLLHLL 


H 


H 


L 


L 


c 


L 


HHHHHLHH 


LOAD 


HEX(04) 


(COMP) 


LLLLLLLL 


H 


H 


H 


L 


c 


L 


HHHHHLHH 


HOLD 






LLLLHLLL 


H 


H 


L 


L 


c 


L 


HHHHLHHH 


LOAD 


HEX(80) 


(COMP) 


HHHHHHHH 


H 


H 


H 


H 


c 


L 


HHHHLHHH 


HOLD 






LLLHLLLL 


H 


H 


L 


L 


c 


L 


HHHLHHHH 


LOAD 


HEX (10) 


(COMP) 


LLLLLLLL 


H 


H 


H 


L 


c 


L 


HHHLHHHH 


HOLD 






LLHLLLLL 


H 


H 


L 


L 


c 


L 


HHLHHHHH 


LOAD 


HEX(20) 


(COMP) 


HHHHHHHH 


H 


H 


H 


H 


c 


L 


HHLHHHHH 


HOLD 






LHLLLLLL 


H 


H 


L 


L 


c 


L 


HLHHHHHH 


LOAD 


HEX(40) 


(COMP) 


LLLLLLLL 


H 


H 


H 


L 


c 


L 


HLHHHHHH 


HOLD 






HLLLLLLL 


H 


H 


L 


L 


c 


L 


LHHHHHHH 


LOAD 


REX(80) 


{cmp) 


HHHHHHHH 


H 


H 


H 


H 


c 


L 




HOLD 






LLLLLLLL 


H 


H 


L 


L 


c 


L 


HHHHHHHH 


LOAD 


HEX(OO) 


(COHP) 


xxxxxxxx 


X 


X 


X 


X 


X 


H 


ZZZZZZZZ 


TEST 


HI-Z 





DESCRIPTION 

THIS IS AN 8-BIT SYNCHRONOUS REGISTER WITH PARALLEL LOAD, LOAD COMPLIMENT, 
PRESET, CLEAR, AND HOLD CAPABILITIES. FOUR CONTROL INPUTS (/LD, POL, /CLR, /PR) 
PROVIDE ONE OF FOUR OPERATIONS WHICH OCCUR SYNCHRONOUSLY WITH THE CLOCK (CLK) . 

1!HE LOAD OPERATION LOADS THE INPUTS (D7-D0) INTO THE OUTPUT REGISTER (Q7-Q0) , 
WHEN VOL=n OR LOADS THE COMPLIMENT OF THE INPUTS WHEN POL=L. THE CLEAR (/C&R) 
OPERATION I^BTS, THE OUTPUT REGISTERS TO ALL LOWS. TgE PRESET (/PR) OPERATION 
PRESETS THE OUTPUT REGISTERS TO ALL HI6HS. THE BOLD QPERIkTION HOLDS THE 
PREVIOUS VALOE REGARDLESS OF CLOCK TRANSITIONS. JO 

CLEAR OVERRIDES PRESET, PRESET OVERRIDES LOAD, AND LOAD OVERRIDES HOLD. 

THESE OPERATIONS ARE EXERCIffED Pi .-THE -FUNCTIQN^j^LE AND SUMMARIZED IN THE 
OPERATIONS TABLE: - 

/OC CLK /CLR /PR /LD PCff.,;,JBi7-D0, ►QTisQftK (DERATION 



H 


X 


X 


X 


X 


X 


X 


Z 


HI-Z 


L 


c 


L 


X 


X 


X 


X 


L 


CLEAR 


L 


c 


H 


L 


L 


X 


X 


H 


PRESET 


L 


c 


H 


H 


H 


X 


X 


Q 


HOLD 


L 


c 


H 


H 


L 


H 


D 


D 


LOAD TRUE 


L 


c 


H 


H 


L 


L 


D 


/D 


LOAD COMP 



POIARITV 

LOAD 1 

PRESET »0| 



Ji 



MULTIFUNCTION 
OCTAL 
REGISTER 



-CLOCK 

-OUTPUT CONTROL 



)A0- : 



8-46 



cHNSI/AMiendix/tjmO 



MDLTIPTOICTION OCTAL BBGISTKR ^^T-^lTafi /.AfM ;;OIE)»iJ'ij " •> 

1 COlllllllllXOOLLLLLLLLOl 

2 COOOOOOOOOlXOOHHHHHHHHll j - - ■ : - - 

3 COOOOOOOOOOXOOLLLLLLLLOl 

4 COllllllllOXOOHBHHHHHHll 

5 COOllllllllXOlHHHHHHHLll i-'i - - - -— >' 

6 COlOlXlllllXOlHHHHHHLHll > " — ' — >. 

7 COllOllllllXOlHHHHaLHHll ... .-W X- -.:>;- 

8 COlllOlllllXOlHHHHLHHHll UO v -XX- — ~ —~- - X -XX - - 

9 COllllOllllXOlHHHLHHHHll 

10 COlllllOlllXOlHHLHHHHHll 

11 COllllllOllXOlHLHHHHHHll - - 

12 COlllllllOlXOlLHHHHHHHll ~— —X- 

13 COlllllllllXOlHHHHHBHmabX ^--'X - 

14 coioooooooixoiij:.lllli.hii 

15 COOlOOOOOOlXOlLLLLLLHLll X t-'^ 

16 COOOlOOOOOlXOlLLLLLHLLll ^ — X-X ;IV 

17 COOOOlOOOOlXOlLLLLHLLLll - - ' * »I ; 

18 COOOOOIOOOIXOILLLHLLLLII — - - ■ 

19 COOOOOOIOOIXOILLHLLLLLII 

20 COOOOOOOIOIXOILHLLLLLLII 

21 COOOOOOOOllXOlHIiELLLLXl X - 

22 COOOOOOOOOlXOlUiLLI^Jill -a-X — — — X- \X- 

23 cioooooooooxoa:EEEatiBiaj.ii -xx ; — — -«>:- a. 

24 COOOOOOOOOOXOlHHHHHHHHll 

25 ClOOOOOOOOlXOlHHHHHHHHll — 

26 COlOOOOOOOOXOlHHHHHHHLll - X • - - F^HI 

27 ClOOOOOOOOOXOlHHHHHHHLll —X- -- - - ^ LlIHI 

28 COOlOOOOOOOXOlHHHHHHLHll -..J'A -Xf -—X -■- — — -XX- 

29 CllllllllllXOlHHHHHHLHll 

30 COOOlOOOOOOXOlHHHHHLHHll ■. — - 

31 ClOOOOOOOOOXOlHHHHHLHHll . . -01 X — - 

32 COOOOlOOOOOxaiHMtaHHll — — — X — " 

33 CllllllllllX01HHHHLHHHm\''aiD\ -XX- V x;: 

34 COOOOOlOOOOXOlHHHLHHHHli 

35 ClOOOOOOOOOXOlHHHLHHHHll X 

36 COOOOOOlOOOXOlHHLHHHHHll ' - 

37 CllllllllllXOlHHLHHHHHll 

38 COOOOOOOlOOXOlHLHHHHHHll - 

39 ClOOOOOOOOOXOlHLHHHHHHll 

40 COOOOOOOOlOXOlLHHHHHHHll — -■• . 

41 CllllllllllXOl LHgHHHHH U ,- ■ — - - -- — - — - -X- : 

42 COOOOOOOOOOXQlHHBSBHBHlJi • >; — a - - ~~ -XX- 

43 XXXXXXXXXXXXIXZZZ^ZZZZXI > J , : < - — — — rx- 

PASS SIHDL&TION 



HMSi/Api^liiM^l^ld 

0123 4567 S901 2345 6789 Ui23 4367 8901 2345 678S 



8 X CLR 

9 X-X X X- /CLR*/PR*/LD*/QO 

10 -XX- -X — — X-X- /CLR*A'R*LD*POL*A>0 ' 

11 -XX- X — ' — • — — '-^ — XX- /cm*/m*m*^vm 

16 X CLR 

17 X-X X X- /CLR*/PR*/LD*/Q1 

18 -XX X X-X- /CLR*/PR*LD*P0L*/D1 

19 -XX X XX- /CLR*/PR*LD*/P0L*D1 

25 X-X ■ X X- /CLR*/m*/U3*/Q2 

26 -XX X X-X- /CLR*/PR*IiD*POI.*/02 

27 -XX X XX- /CLR*/PR*LD*/P0L*D2 

32 -i—x ■ CLR 

33 X-X X X- /CLR*/PR*/LD*/Q3 

34 -XX X X-X- /CLR*/PR*LD*P0L*/D3 

35 -be — X — XX- /CLB*/PR*LD*/P0L*D3 

40 — -X ' ' CLR 

41 X-X- ■ X X- /CLR*/PR*/LD*/©« 

42 -XX • »- X^ — — X-X- /CLR*/PR*M}*P®L*/I>4 

43 -XX X-" — - -IOC- /CLR*/PR*LD*/P0L*D4 

48 X CLR 

49 X-X X X- /CLR*/PR*/LD*/Q5 

50 -XX X X-X- /CLR*/PR*LD*P0L*A>5 

51 -XX ~ X XX- /CLR*/PR*LD*/P0L*D5 

57 X-X ■ • X —X- /CLR*/PR»/LIJ*7Q6 " : ') - 

58 -XX X ^- X-X- /CLR*/PR*LD*P0L*/D6 

59 -XX X XX- /CLR*/PR*LD*/P0L*D6 

64 X CLR 

65 X-X X —X- /CLR*/PR*/LD*/Q7 

66 -XX X~ X-X- /CLR*/PR*LD*P0L*/D7 

67 -XX '— X--- ^xx- /et^/mfm*/mii.*m 

LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN (H,P,1) 
NUMBER OF FUSES BLOW = 1160 



8«48 



HMSI/Appeilcli|K/LS380 



iMultifuiiction OgUA Regisft«t ' 

mi - — 1> 



15 HJS. 



DO 



D1 Ms 



D2 ^ 



D3 



D4 M:^ 



D5 '—^ 



06 '-^ 



07 



POL m:^ 



' )> 19 2B 71 ?? ;] 14 n 26 11 it 19 3D 11 3? 33 14 3S 3fi 3' 31 ]» 
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a I I 3 (SIT I 1 10 11 ti 13 H » II II 11 ti m^^ n 13 » » za i? n i9 » 3i hum sb » » » 



CLR 




PAL20X10 , 

74LS491 

10-BIT COUNTER 

MMI SUNNYVALE, CALIFORNIA 

CLK DO Dl D2-7 D8 D9 /LD /CNT /UP SET /CIN GND 
/OC Q9 Q8 Q7 Q6 Q5 Q4 Q3 Q2 Ql QO VCC 



PAL DESIGN SPECIFICATION 
JOm BIRKNBR 04/01/81 



/QO := /SET* LD*/DO 

+ /SET*/LD*/QO 

:+: /SET*/LD* CNT* CIN* UP 

+ /SET*/LD* CNT* CIN*/UP 



;LOAD DO 
;HOLD (LSB) 
; CARRY 
; BORROW 



/Ql := /SET* LD*/D1 

+ /SET*/LD*/Q1 

!+: /SET*/LD* CNT* CIN* UP* QO 

+ /SET*/LD* CNT* CIN*/UP*/QO 

/Q2 := /SET* LD*/D2-7 

+ /SET*/LD*/Q2 

:+: /SET*/LD* CNT* CIN* UP* QO* Ql 

+ /SET*/LD* CNT* CIN*/UP*/QO */Ql 



;LOAD Dl 
;HOLD 
J CARRY 
; BORROW 

LOAD D2- 
HOLD 
CARRY 
BORROW 



/Q3 := /SET* LD*/D2-7 

+ /SET*/LD*/Q3 

:+: /SET*/LD* CNT* CIN* UP* QO* Ql* Q2 

+ /SET*/LD* CNT* CIN*/UP*/Qb*/Ql*/Q2 



;LOAD D2-7 
J HOLD 
jCARRY 
; BORROW 



/Q4 := /SET* LD*/D2-7 

+ /SET.*/LD*/Q4 

:+: /SET*/LD* CNT* CIN* UP* QO* Ql* Q2* Q3 

+ /SET*/LD* CNT* CIN*/UP*/Q0*/Q1*/Q2*/Q3 



;LOAD D2-7 
;HOLD 
; CARRY 
;BORROW 



/Q5 := /SET* LD*/D2-7 

+ /SET*/LD*/Q5 

:+: /SET*/LD* CNT* CIN* UP* QO* Ql* Q2* Q3* Q4 

+ /SET*/LD* CNT* CIN*/UP*/Q0*/Q1*/Q2*/Q3*/Q4 



;LOAD D2-7 
;HOLD 
; CARRY 
; BORROW 



/Q6 := /SET* LD*/D2-7 
+ /SET*/LD*/Q6 

: + : /SET*/LD* CJJT* CIN* UP* QO* Ql* Q2* Q3* Q4* Q5 

+ /SET*/LD* CTT* CIN*/HP*/Q0*/Q1*/Q2*/Q3*/Q4*/Q5 

/Q7 := /SET* LD*/D2-7 
+ /SET*/LD*/Q7 

!+: /SET*/LD* CNT* CIN* UP* QO* Ql* Q2* Q3* Q4* Q5* Q6 

+ /SET*/LD* CNT* CIN*/UP*/Q0*/Q1*/Q2*/Q3*/Q4*/Q5*/Q6 



;LOAD D2-7 
;HOLD 
.•CARRY 
; BORROW 

;LOAD D2-7 
; HOLD 
; CARRY 
; BORROW 



/Q8 := /SET* LD*/D8 ;LOAD D8 

+ /SET*/LD*/Q8 -HOLD 

:+: /SET*/LD* CNT* CIN* UP* QO* Ql* Q2* Q3* Q4* Q5* Q6* Q7 ; CARRY 

+ /SET*/LD* CNT* CIN*/UP*/Q0*/Q1*/Q2*/Q3*/Q4*/Q5*/Q6*/Q7 .-BORROW 

/Q$ := /SET* LD*/P9 -LOAD D9 

+ /SET*/LD*/Q9 ;HOLD (MSB) 

:+: /SET*/LD* CNT* CIN* UP* QO* Ql* Q2* Q3* Q4* Q5* Q6* Q7* Q8 ;CARRY 

+ /SET*/LD* CNT* CIN*/UP*/Q0*/Q1*/Q2*/Q3*/Q4*/Q5*/Q6*/Q7*/Q8 ;BORROW 



8-^0 



MMSl/AppeiMlip/LSi^l 



FUNCTION TABLE 



CLK /OC SET /LD /CNT /CIN /IP Si M «S*t il 00 ©*-<@»-<i1E ^ Q5 #4 Q3 Q2 ii. 



eft r&?». 



/ / 



"C / s 


/ c c / 


-DATA 


IN- 


-DATA OUT- 






L E 


L 


N 


I 


u 


DD 




DD 


0000000000 






K C T 




T 


N 


p 




2-7 


10 


9876543210 


COMMENT 


a^^sx 


C L H 










XX 


X 


XX 


HHHHHHHHHH 


SET 




C L L 


T 
Li 


Y 
A 


Y 
A 


Y 
A 


r T 


T 

i_l 


LL 


LLLLLLLLLL 


CLEAR 




C L L 




Y 


Y 
A 


Y 
A 


nn 




HH 


HHHIIIItlHHIIH 


SET 


— • — 


C L L 


H 


XX 
XI 


Y 
A 


Y 

A 


AA 


Y 

A 


XX 


HHHHHHHHHH 


H&LD 


:<- 


C L L 


T 

It 


V 
A 


V 

A 


V 
A 


T T 


U 


LL 


T.r.T.T.T.T.T.T.T.T. 


CLEAR 




p T r 
ij ij 


H 


H 


X 


X 


XX 


X 


XX 


T T.T.T T.T.T.T.T.T. 
1j 1j Li 1j Xj J-i J_i Li Xj Ij 


HOLD 




C L L 


H 


L 


H 


X 


XX 


X 


XX 


LLLLLLLLLL 


HOLD 




C L L 


H 


L 


L 


L 


XX 


X 


XX 


LLLLLLLLLH 


COUNT UP (NOTE 5 CNTRLS 


C L L 


H 


L 


L 


L 


XX 


X 


XX 


LLLLLLLLHL 


COUNT UP 




C L L 


H 


L 


L 


L 


XX 


X 


XX 


LLLLLLLLHH 


COUNT UP 




C L L 


H 


L 


L 


H 


XX 


X 


XX 


LLLLLLLLHL 


COUNT DOWN 




C L L 


H 


L 


L 


H 


XX 


X 


XX 


LLLLLLLLLH 


COUNT DOWN 




C L L 


H 


L 


L 


H 


XX 


X 


XX 


LLLLLLLLLL 


COUNT DOWN 




C L L 


H 


L 


L 


H 


XX 


X 


XX 


HHHHUHHHH 


COUNT EXJWN 


ifmm 0VER) 


C L L 


H 


L 


L 


H 


XX 


X 


XX 


UUHUHHUUUL 


COUNT DOWN 


-;!- — ) 


X H X 


X 


X 


X 


X 


XX 


X 


XX 


ZZZZZZZZZZ 


TEST HI-Z 





GND) 



:<-- 



DESCRIPTION ' .A»Tie\ --X- -7- - -IT —X- a — 

THE 10-BIT COUNTER CAN COUNT UP, COUNT DOWN, SET, AND LOAD 2 LSB'S {D0,D1) , 
2 MSB'S (D8,D9) AND 6 MIDDLE BITS (D2-7) HIGH OR LOW AS A GROUP. 

SET OVERRIDES LOAD (/LD) , COUNT (/CNT) , AND HOLD. LOAD OVERRIDES COUNT. 
COUNT IS CONDITIONAL ON CARRY IN (/CIN) , OTHERWISE IT HOLDS. 

THESE OPERATIONS ARE EXERCISED IN THE FtmCTION TABLE AND SVimmtVEB tS Tm- 
OPERATIOJJS TABLE! '.-X -X- 



/OC 


CLK 


SET 


/LD 


/CNT 


/CIN 


/UP 


D9-D0 


Q9-Q0 


OPERATION 


H 


X 


X 


X 


X 


X 


X 


X 


Z 


HI-Z 


L 


C 


H 


X 


X 


X 


X 


X 


H 


SET ALL HIGH 


L 


c 


L 


L 


X 


X 


X 


D 


D 


LOAD D 


L 


c 


L 


H 


H 


X 


X 


X 


Q 


HOLD (/CNT=H) 


L 


c 


L 


H 


L 


R 


X 


X 


Q 


HOLD i/ms^n) 


L 


c 


L 


H 


L 


H 


L 


X 


Q PLUS 1 


COUNT m- — 


L 


c 


L 


■ H 


L' 


B 


H 


X 


Q MINUS 1 


cofiMT mm 



(a, «,-.'• w 



HMSI/Appendix/LS491 



10-BIT COUinBR 



11 1111 nil 2222 2222 2233 3333 3333 
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 

-X X X /SET*LD*/DO 

1 X X X /SET*/LD*/QO 

2 X X X X X~ /SET*/LD*CNT*CIN*UP 

3 __ X X~ X X X~ /SET*/LD*CNT*CIN*/UP 

8 X X : -X- /SET*LD*/D1 

9 X X X /SET*/LD*/Q1 

10 — X X X— -X X X~ /SET*/LD*CNT*CIN*UP*QO 

11 X ■ X X— X X X— /SET*/LD*CNT*CIN*/UP*/QO 

16 X X X /SET*LD*/D2-7 

17 X X X /SET*/LD*/Q2 

18 — X X X X X X X^- /SET*/LD*CNT*CIN*UP*QO*- 

19 X X X— -X~ X-^-f -X^ -X— /SSf*ya»D*Cira*CIN*/BP*/Qr 

.■.)'' - " ' ' 

24 X- X ^>«— ' -r*-^ /StT*W3*/D2-7 

25 X X " -X ' /SET*/LD*/Q3 

26 — X X X X-^^ ^X X~ *X-^ X-- /SET*/LD*CNT*CIN*UP*QO*- 

27 X —X X — X X~ X— -X-^ -X— /SET*/LD*CNT*CIN*/UP*/Q- 

32 X X X /SET*LD*/D2-7 

33 X X X /SET*/LD*/Q4 

34 — X X X X X X X X X— /SET*/LD*CNT*CIN*UP*QO*- 

35 X X X X X X~ X X X— /SET*/LD*CNT*CIN*/UP*/Q- 

40 X X X~ /SET*LD*/D2-7 

41 X~X X— /SET*/LD*/Q5 

42 — X X X X X- X X X X X~ /SET*/LD*CNT*CIN*UP*QO*- 

43 X X K X — *X X-*-- -X— X— -X*-< -X~ /SET*/LD*CNT*CIN*/UP*/@^ 

48 X X X /SET*LD*/D2-7 

49 X X X /SET*/LD*/Q6 

50 — X X X X X- X-X X X X X~ /SET*/LD*CNT*CIN*UP*QO*- 

51 X X X X X X~X -X~ X X X~ /SET*/LD*CNT*CIN*AIP*/Q- 

56 -X X X /SET*LD*/D2-7 

57 X X -X /SET*/LD*/Q7 

58 — X X X 'X ^^-X- X-X XX X X X~ /SET*/LD*CNT*CIN*UP*QO*- 

59 X X X X —X X~X -X-!X X X X~ /SET*/LD*CaiT*CINVDP*/Q- 

64 _X- — -X -X /SET*LD*/D8 

65 -,_ -x~ X-X /SET*/LD*/Q8 

66 ~X X X X X- X-X- -XX- -XX X X— /SET*/LD*CNT*CIN*UP*QO*- 

67 X X —X X X X— X -X-X X~X -X X— /SET*/LD*CNT*CIK*/UP*/Q- 

72 X X X /SET*LD*/D9 

73 X X X /SET*/LD*/Q9 

74 ~X X X X X- X-X- -XX- -XX- -XX X~ /SET*/LD*CNT*CIN*OP*Q0*- 

75 X X -—X X X X~X -X-X X—X -X-X -X~ /Sira»/*B*C»*GIiI*/DP*/S- 



LEGEND: X : FOSE NOT BLOWS (L,N,0) - t FOSE BLOWN (H,P,1) 
NUMBER OF FOSES BI/3W = 1350 



8^2 



Logic Diawaii PAL20X10 



a.K - — 1> 



D1 



D2-7 ^— 



D9 



LD - — tS: 



CNT? ^ 



UP ? 05 



SET Ms: 



CIN 




S I I ] * 



M3 



1 



HMSI/Appendix/LS450 



PAL20C1 PAL DESIGN SPECIFICATIW 

74LS450 BIHKNER/K&ZHI/BLASCO 02/19/81 

16:1 MOLTIPLEXER 
MMI SUNNYVALE, CALIFORNIA 

EO El E2 E3 E4 E5 E6 E7 E8 E9 ElO GND 
Ell E12 E13 E14 E15 W Y D C B A VCC 





/D*/C*/B*/A 


* 


EO 


• SELECT 


INPUT 


EO 




/D*/C*/B* A 


* 


El 


• SELECT 


INPUT 


El 


T 


/T\k /nit n* /& 


* 






INPUT 


E2 


+ 


/D*/C* B* A 


* 


E3 


; SELECT 


INPUT 


E3 


+ 


/D* C*/B*/A 


* 


E4 


.•SELECT 


INPUT 


E4 


+ 


/D* C*/B* A 


* 


E5 


; SELECT 


INPUT 


E5 


+ 


/D* C* B*/A 


* 


E6 


; SELECT 


INPUT 


E6 


+ 


/D* C* B* A 


* 


E7 


; SELECT 


INPUT 


E7 


+ 


D*/C*/B*/A 


* 


E8 


; SELECT 


INPUT 


E8 


+ 


D*/C*/B* A 


* 


E9 


; SELECT 


INPUT 


E9 


+ 


D*/C* B*/A 


* 


ElO 


•SELECT 


INPUT 


ElO 


+ 


D*/C* B* A 


* 


Ell 


; SELECT 


INPUT 


Eil 


+ 


D* C*/B*/A 


* 


E12 


; SELECT 


INPUT 


E12 


+ 


D* C*/B* A 


* 


E13 


; SELECT 


INPUT 


E13 


+ 


D* C* B*/A 


* 


E14 


; SELECT 


INPUT 


E14 


+ 


D* C* B* A 


* 


eIs 


; SELECT 


INPUT E15 



DATA 
INPUTS 



EO- 
E1- 
E2- 
E3- 
E4- 
ES- 
E6- 
E7- 
E8- 
E9- 
E10- 
E11- 
E12- 
E13- 
E14- 
E15- 



16 
TO 
1 

MUX 



TT 



-Y 
-W 



WHERE V = W 



t CONTROL LINES 



8-S4 



Mm/AppMHlix/LmO 



D C B A EO El E2 B3 E4 B5 E6 E7 E8 E9 ElO Ell E12 E13 B14 E15 Y W 



SELECT INPDTS 

mill 
0123456789012345 



D 


C 


B 


A 


L 


L 


L 


L 


L 


L 


L 


L 


!• 


L 


L 


L 


L 


L 


L 


H 


L 


L 


L 


H 


L 


L 


L 


B 


L 


L 


B 


L 


L 


L 


H 


L 


L 


I. 


B 


L 


L 


L 


B 


B 


L 


I. 


B 


B 


L 


I. 


B 


B 


I. 


B 


L 


L 


L 


H 


L 


L 


L 


H 


L 


L 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


H 


H 


L 


L 


H 


H 


L 


L 


H 


B 


L 


L 


B 


B 


B 


L 


B 


B 


B 


X. 


B 


B 


B 


H 


L 


L 


L 


H 


L 


L 


L 


H 


L 


L 


L 


H 


L 


L 


H 


H 


L 


L 


H 


H 


L 


L 


H 


H 


L 


H 


L 


H 


L 


H 


L 


H 


L 


B 


L 


H 


L 


B 


B 


H 


L 


B 


B 


H 


L 


B 


B 


H 


B 


L 


L 


H 


B 


L 


L 


H 


H 


L 


L 


H 


H 


L 


B 


H 


H 


L 


H 


H 


H 


L 


H 


H 


H 


B 


L 


H 


B 


B 


L 


H 


B 


B 


L 


H 


B 


B 


B 


B 


H 


H 


B 


H 


B 


B 


B 



L HHHBHHBHHBBHBH B 
BLLLLLLLLLLLLLLL 

HLHHHHHHHHHHHHHH 
LHLLLLLLLLLLLLLL 
HHHHHHHBHHHHHHHH 
HHLHHHHHHHHHHHHH 
LLHLLLLLLLLLLLLL 
BBBBBBBBBBBBBBBH 




BBBBIiE 
LLLLBLLLLLLLLLLL 
HHHHHHHHHHHHHHHH 
HHHHHLHHHHHHHHHH 
LLLLLHLLLLLLLLLL 
HHHHHHHHHHHHHHHH 
HHHHHHLHHHHHHHHH 
LLLLLLHLLLLLLLLL 
HBBBHBBBBBBBBHBB 




LLLLLLLLBLLLLLLL 

HHHHHHHHHLHHHHHH 
LLLLLLLLLHLLLLLL 

HHHHHHHHHHLHHHHH 
LLLLLLLLLLHLLLLL 
HHHBHBHBBHBHBBBB 
BBBBBBBBBBBLBBBB 
CLBLLLL 




I.LLLLLLLLLLLBLLL 
BBBBBHHHHHHHHHHH 
HHHHHHHHHHHHHLHH 
LLLLLLLLLLLLLHLL 
HHHHHHHHHHHHHHHH 
HHHHHHHHHHHHHHLH 
LLLLLLLLLLLLLLHL 




Y 


W 




L 


K' 


INPUT EO " 


B 


t, 


INPUT EO = 1 


B 


ti 


TOGGLE OTHER LINES 


L 


H 


INPUT El = 


H 


L 


INPUT El = 1 


H 


L 


TOGGLE OTHER LINES 


L 


H 


INPUT E2 = 


H 


L 


INPUT E2 = 1 


H 


L 


TOGGLE OTHER LINES 


I. 


B 


INPUT E3 = 


H 


I. 


INPUT E3 = 1 


H 




TOGGLE OTHER IiXlffiS 


I. 


S 


INPUT E4 = 


B 


t, 


INPUT E4 = 1 


H 


L 


TOGGLE OTHER LINES 


L 


H 


INPUT E5 = 


H 


L 


INPUT E5 = 1 


H 


L 


TOGGLE OTHER LINES 


L 


H 


INPUT E6 = 


H 


L 


INPUT E6 = 1 


B 


L 


TOGGLE OTHER .%1HHS 


I. 


B 


INPUT E7 = 




L 


INPUT E7 = 1 


9 


1. 


TOGGLE OTSS^ ItlJiBS 




B 


INPUT E8 « tl 


B 


L 


INPUT E8 = 1 


H 


L 


TOGGLE OTBER LINES 


L 


H 


INPUT E9 = 


H 


L 


INPUT E9 = 1 


H 


L 


TOGGLE OTHER LINK 


L 


H 


INPUT ElO = 


H 


L 


INPUT ElO = 1 


H 


L 


TOGGLE OTBER LINES 


L 


s 


INPUT Ell = 


B 


L 


INPUT Ell = 1 


B 


L 


TOGGLE OTHER LIN^ 


L 


B 


INPUT E12 = 


H 


L 


INPUT E12 = 1 


H 


L 


TOGGLE OTHER LINES 


L 


H 


INPUT E13 = 


H 


L 


INPUT E13 = 1 


H 


L 


TOGGLE OTHER LINES 


L 


H 


INPUT E14 = 


H 


L 


INPUT E14 = 1 


H 


L 


TOGGLE OTHER LINES 


L 


B 


INPUT E15 = 


B 


L 


INPUT E15 = 1 


B 


L 


10CGLS OTHER I^OiglM 



Sifil ' T3&ZI' 
4 3 D a 



HMSI/Appendtx/LS4S0 

(Y) AND COMPLIMENT (W) OUTPUTS ARE PROVIDED. THE SELECT LINES A,B,C,D 
ARE ENCODED IN BINARY, WI'm A REPRESENTS^ J.SB JOT 9 REPRESENTING 
THE MSB. 

OPERATIONS TABLE: 



INPUTS OUTPUTS 
SELECT LINES 
D C B A W Y 



L 


L 


L 


L 


/EO 


EO 


L 


L 


L 


H 


/El 


El 


L 


L 


H 


L 


/E2 


E2 


L 


L 


H 


H 


/E3 


E3 


L 


H 


L 


L 


/E4 


E4 


L 


H 


L 


H 


/E5 


E5 


L 


H 


H 


L 


/E6 


E6 


L 


H 


H 


H 


/E7 


E7 


H 


L 


L 


L 


/E8 


B8 


H 


L 


L 


H 


/B9 


E9 


H 


L 


H 


L 


/ElO 


ELO 


H 


L 


H 


H 


/Ell 


Ell 


H 


H 


L 


L 


/E12 


E12 


H 


H 


L 


H 


/E13 


E13 


H 


H 


H 


L 


/E14 


E14 


H 


H 


H 


H 


/El 5 


El 5 



•mi/ Appendbc/tPfSO 



tia ||]|p[I>LEXER ZJIXS. 'JlTJttl 

1 OllllllllllXlllllHLOOOOl 

2 lOOOOOOOOOOXOOOOOLHOOOOl - . 

3 llUlllllllXlllllLHOOOOl 

4 lOlllllllllXlllllHLOOOll 

5 OlOOOOOOOOOXOOOOOLHOOOll 

6 lllllllllUXlllllLHOOOn 

7 llOllllllllXlllllHLOOlOl 

8 OOlOOOOOOOOXOOOOOLHOOlOl ^— X X— -X 

9 lllllllllllXlllllLHOOlOl ■ 

10 lllOlllllllXlllllHLOOlll . . 

11 OOOlOOOOOOOXOOOOOLHOOlll - > • 

12 lllllllllllXlllllLHOOlll t • K— - 

13 iinoiiiiiixiiiiiHLOi(»fli\*o»c\ — — ^ ■ y < ' ■ 

14 00001000000X00000LH01001»!'O«(r'. ^ • -X— X — 

15 lllllllllllXlllllLHOlOOl >»a\ - - < -X— -it— — 

16 lllllOlllllXliniHLOlOll 

17 OOOOOlOOOOOXOOOOOLHOlOll >^ — X J! 

18 lllllllllllXlllllLHOlOll 

19 llimOllllXlllllHLOllOl 

20 OOOOOOlOOOOXOOOOOLHOllOl — - - 

21 lllllUllllXlllllLHOllOl . K - X 

22 lllllllOlllxmilHLOmi. '0*'J -x - ' - - - 

23 OOOOOOOlOOOXOOOOOLHOmi ♦3*C -X - -X— X 

24 lllllllllllXlllllLHOllll -O* -X— - -X X— • 

25 llllllllOllXlUllHLlOOOl 

26 OOOOOOOOIOOXOOOOOLHIOOOI 

27 lllllllllllXlllllLHlOOOl 

28 lllllimOlXlllllHLlOOll 

29 OOOOOOOOOlOXOOOOOLHlOOll 

30 llllllllUlXlllllLHlOOll 

31 llllllllllOXlllllHLlOlOl >..-»;- 

32 OOOOOOOOOOlXOOOOOIflOlOl 

33 illllllllllXlllllLHlOlOl ■•^i'^'"- -i'' i 

34 lllllllllllXOllllHLlOlll 

35 OOOOOOOOOOOXlOOOOLHlOlll 

36 lllllllllllXlllllLHlOlll 

37 lllllllllllXlOlllHLllOOl 

38 00000000000X01000I.H11001 

39 lllllllllllXlllllLHllOOl 

40 lllllllllllXllOllHLllOll 

41 OOOOOOOOOOOXOOlOOLHllOll 

42 lllllllllllXlllllLHllOll 

43 lllllllllllxmOlHLlllOl 

44 OOOOOOOOOOOXOOOlOLHlllOl 

45 lllllllllllXlllllr.H11101 

46 llllUlllllXllllOHLlllll 

47 OOOOOOOOOOOXOOOOlLHlllll 

48 uiiiiiiiiixmiiiaiiiii 



WtSS SINDIATICm 



16:1 MULTIPLEXER 

11 1111 1111 2222 2222 2233 3333 3333 
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 



32 


— X- 


X 


X 


X 


X 


— 














/D*/C*/B*/A*EO 


33 


X 


— X- 


X 


X 


X 

















/D*/C*/B*A*E1 


34 




X— X 


— X- 


X 


X 












/D*/c*B*/A*E2 


35 




— X- 


x-x- 


X 


X 















/D*/C*B*A*E3 


36 





X 


X 


X-X- 


X 














/D*C*/B*/A*E4 


37 




~x- 


X 


— X- 


X— X 












/D*C*/B«A*E5 


38 




X 


— X- 


~x- 


X 


X 










/D*C*B*/A*E6 


39 


■ 


—X- 


~x- 


—X- 


X 




X 








/D*C*B*A*E7 


40 




X 


— x 


X 


— X- 






X 






D*/C*/B*/A*E8 


41 




— X- 


X 


X 
































X 




D*/C*/B*A*E9 


42 




X 


— X- 


X 


— X- 










X 


D*/C*B*/A*E10 


43 




— X- 


—X- 


X 


— X- 










— X- 


D*/C*B*A*E11 


44 




X 


X 




— X- 








— X- 




D*C*/B*/A*B12 


45 




— X- 


X 


— X- 


— X- 






~x- 






D*C*/B*A*B13 


46 




X 


— X- 


— X- 


— X- 




— X- 








D*C*B*/A*E14 


47 




— X- 


— X- 


— X- 


— X- 


— X- 










D*C*B*A*E15 


LE( 


SEND: 


X : 


FDSE 


NOT vuom 




,0) 


- : FOSE BLOHH 


(ia,?,l) ^ 1 



Wmm. OF FDSES BUM - 560 



8-58 



Itsi MttKiplexer ' - . .7 s^-^ .i^issa oai Logic DiasMun FJIk20C1 

12 3 « 5 6 ) 8 9 10 II 1! 13 Ifl IS 16 17 18 19 Zfl 31 11 23 2* 25 2B 27 2B Z9 30 3t 1! 33 34 35 36 37 38 39 , _ -'^ ^ ■ . ■ 



sr — 



E8 ^ 



S 1 I 3 4 6 6 7 ■ 9 10 II II tl I« U U If H IS » » n M iS » IT a tt » M » ^ 9* IS H V M 3N 




El 5 



-E14 



-E13 



-E12 



-E11 



HMSI/Ap|ien«|ix/LS451 

MMI SUNNYVALE, CALIFORNIA 

IDO IDl 1D2 1D3 1D4 1D5 1D6 1D7 2D0 2D1 2D2 GND 
2D3 2D4 .2D5 2D6 2D7 2y lY S C B A VCC 



/2Y 





/Git /nit /nit /& 


it 


/Inn 


; SELECT 


INPUT 


lOO 


+ 


/S*/C*/B* A 


* 


/IDl 


;SELECT 


INPUT 


IDl 


+ 


/S*/C* B*/A 


* 


/1D2 


; SELECT 


INPUT 


1D2 


+ 


/S*/C* B* A 


* 


/1D3 


• SELECT 


INPUT 


1D3 


+ 


/S* C*/B*/A 


* 


/1D4 


; SELECT 


INPUT 


1D4 


+ 


/S* C*/B* A 


* 


/1D5 


; SELECT 


INPUT 


1D5 


+ 


/S* C* B*/A 


* 


/1D6 


; SELECT 


INPUT 


1D6 


+ 


/S* C* B* A 


* 


/1D7 


{SELECT INPUT 107 




/S*/C*/B*/A 


* 


/2D0 


; SELECT 


INPUT 


2D0 


+ 


/S*/C*/B* A 


* 


/2D1 


; SELECT 


INPUT 


2D1 


+ 


/S*/C* B*/A 


* 


/2D2 


; SELECT 


INPUT 


2D2 


+ 


/S*/C* B* A 


* 


/2D3 


; SELECT 


INPUT 


2D3 


+ 


/S* C*/B*/A 


* 


/2D4 


; SELECT 


INPUT 


2D4 


+ 


/S* C*/B* A 


* 


/2D5 


; SELECT 


INPUT 


2D5 


+ 


/S* C* B*/A 


* 


/2D6 


; SELECT 


INPUT 


206 


+ 


/S* C* B* A 


* 


/2D7 


; SELECT 


INPUT 


2D7 




_c 

STROBE LINE — ' ' — 3 SELECT 
WHERE n = 1 OR 2 



9^9 



HMSl/Appendix/LS451 



C M h WO IDl 1D2 1D3 1D4 1D5 1D6 1D7 2D0 2D1 2D2 2D3 2d4 2D5 2D6 2D7 S l¥ 2Y 



iisg .€ :iNJ?u?rs 

ID- 



2D- 



H 
H 
L 
L 
L 
L 
I. 

H H H 
H H H 
H H H 
H 
H 
X 
X 



H H 

H H 

H H 

H H 




HLHHHHHH 
LHLLLLLL 
RLHHHRHH 

LHLLLLLL 
HHHHHHHH 
HHLHHHHH 
LLHLLLLL 
HHLHHHHH 
LLHLLLLL 
HHHHHHHH 
HHHLHHHH 
LLIflLLLL 
HHHLHHHH 
LLLHLLLL 
HHHHHHHH 
HHHHLHHH 
LLLLHLLL 
HHHHLHHH 
LLLLHLLL 
HHHHHHHH 
RHHHHLHB 
LLLLLHLL 
HHBHHLHB 
LLLLLHLL 
HHHHHHHH 
HHHHHHLH 
LLLLLLHL 
HHHHHHLH 
LLLLLLHL 
HHHHHHH H 

HHHHHHHL 
LLLLLLLH 
HHHHHHHL 
LLLLLLLH 
HHHHHHHH 
LLLLLLLL 



LHHHHHHH 
LHHHHHHH 
HLLLLLLL 
HLLLLLLL 
HHHHHHHH 
HTiHHHHHH 



LHLLLLLL 
LHLLLLLL 
HHHHHHHH 
HHLHHHHH 
HHLHHHHH 
LLHLLLLL 
LLHLLLLL 
HHHHHHHH 

HHHI.HHHH 

LLLHLLLL 
LLLHLLLL 





IT 








T 

Li 


ll 


T 
ll 






r 
J_i 


tJ 

n 


T. 
ll 






T 

Jj 


T 
Ll 


Tt 
£1 






T 
ll 


TJ 

n 


n 


mo— 1 9nn— 1 




T 


u 


n 


IVJlaVsltCi \J X XlCiK ll Xri CiO 


, X *l >; 




ll 


la 






T 

It 


n 

n 


It 




ft ij J 


Jj 


T 


n 
tl 


1.DX— U aUI^x 


1 J a J 


Lt 


tj 
n 


tJ 
£1 


lUl— 1 ZUl— X 




L 


H 


H 


TOGGLE OTHER LxNEd 




T 
ll 


ll 


ll 


XUZ— U ZUi— U 




T 
ll 


tl 


ll 


lU^— 1 zuz— u 




T 
ll 


T 


rl 


XU^— U ZU^— X 




L 


H 


H 






U': 


W 




TOGGLE Otii^c LXKES 




L 


% 


'It 






L 


a 


ll 






L 


L 


H 


1D3=U 2D3=1 




T 


tj 

£1 


tl 


XUj— X ^uj—L 




L 


H 


H 


TOGGLE OTHER LXMES 




L 


L 


L 


XD4=0 2D4=0 




L 


H 


L 


XD4=X zD4=0 




L 


It 


H 


XD4=0 2D4=X 




£■ 


M 


B 


xD4sx 2D4'1 






s 




TOGG^^ OxSLfiiK LIKES 






'Hi 


■■IF 






L 


H 


% 






L 


L 


H 


1D5=0 2D5=1 




L 


H 


H 


iD5=l zD5=i 




L 


H 


H 


TOGGLE OTHER LINES 




L 


L 


L 


1D5=0 2D6=0 




L 


H 


L 


1D6=1 2D6=0 




L 


L 


H 


1D6=0 2D6=1 




L 


H 


B 


1D6=1 2D6=1 




ll 


n 


1 


TOGGLE OTHEit LINES 




ll 










L 


H 


L 


l07«l 2D7-0 




L 


L 


H 


1D7=0 2D7=1 




L 


H 


H 


1D7=1 2D7=1 




L 


H 


H 


TOGGLE OTHER LINES 




H 


H 


H 


STROBE TEST 




H 


H 


H 


STROBE TEST 1 





HI(ISI/Ap|MiKlfx/I.S4S% 



DESCRIPTION 



THIS IS AN EXAMPLE OF A DUAL 8-TO-l MULTIPLEXER USING A PAL20L2. A STROBE • 8 

LINE (S) IS PROVIDED TO GATE THE OUTPUTS OFF (HIGH) WHEN THE STROBE INPUT IS 

HIGH THE SEUaCT LZNES MOS RWtWBHBiCPI BIiaRSr<1ll19i A REFRESENTIliG THE' Z£B. JS?. t 



OPERATIONS TABISt 

INPUTS 

SELECT STRCffiB 
C B A S 



ODTPIRS' 





















a 


X 


X 


X 


H 


I. r 










J 


L 


L 


L 


L 


DO 










I 


L 


L 


H 


L 


Dl . .. 










^ a 


L 


H 


L 


L 


D2 - ! 


• x: 


■ f 






J J 


L 


H 


H 


L 


D3 










• .I J 


H 


L 


L 


L 












■ J 


B 


L 


H 


L 


DS 












H 


H 


L 


L 


D6 












H 


H 


H 


L 


07 










_t 




















a 




















- J 










0-t . 




t 






















( ^ .. - 




:i h J 



H 

H 
H 
R 
B 
K 
H 

R 



1 h 



IIMSI/Appendix/LS451 



DOi|& f s i MULTIPLEXER aa/Xi^TI IW J t ? 

1 OlllllllOllXlllllLLOOOOl 

2 lOOOOOOOOllXimiLHOOOOl ; > ' : ^ . c 

3 OllllllHOOXOOOOOHLOOOOl 

4 lOOOOOOOlOOXOOOOOHHOOOOl 

5 lllllllllllXlllllHHOOOOl 

6 lOlllllllOlXlllllLLOOOll 

7 OlOOOOOOlOlXlllllLHOOOll 

8 lOimilOlOXOOOOOHLOOOll 

9 OlOOOOOOOlOXOOOOOHHOOOll 

10 iiiiiiiiiiixiiiiiaHOOoii ^' ' — 

n iioiiiiiiioxiiiiiLLOOioi . <i\ — — -- - <- — 

12 ooioooooiioximiLHOOioi "yas — ■ - - 

13 llOlllllOOlXOOOOOHLOOlOl ■-■ - 

14 OOlOOOOOOOlXOOOOOHHOOlOl ' - '•i^' ^ 

15 lllllllllllXlllllHHOOlOl ''A - • ' -^*~ * 

16 lllOlllllllXOllllLLOOlll 

17 OOOlOOOOlllXOllllLHOOlll 

18 lllOllllOOOXlOOOOHLOOlll " - 

19 OOOlOOOOOOOXlOOOOflHOOlll « ' - " 

20 lllllllllllXlllllfflOOXll 

21 llllOllllllXlOlllLLOlOOl 

22 OOOOlOOOlllXlOlllLHOlOOl ' — — • 

23 llllOlllOOOXOlOOOHLOlOOl — -—X—- • /- 

24 OOOOlOOOOOOXOlOOOHHOlOOl — ~- " ■< " 

25 llllimiUXlllllHHOlOOl 

26 lllllOlllllXllOllLLOlOll 

27 OOOOOlOOlllXllOllLHOlOll 

28 IIIIIOIIOOOXOOIOOHLOIOII 

29 OOOOOlOOOOOXOOlOOBHOlOll 

30 lllllllllllXlllllHHOlOll 

31 llllllOllllXlllOlLLOllOl .1 -f"-^*^ i - • '"^ ■ • 

32 OOOOOOlOlllXlllOlLHOllOl 

33 IIIIIIOIOOOXOOOIOHLOIIOI ' - aR!-- ' "JO i©- 

34 OOOOOOlOOOOXOOOlOHHOllOl 

35 lllllllllllXlllllHHOllOl 

36 UlllllOlllXUllOLLOllll 

37 OOOOOOOllllXllllOLHOllll 

38 lllllllOOOOXOOOOlBLOllll 

39 OOOOOOOlOOOXOOOOlBHOllll 

40 lllllllllllXlllllHHOllll 

41 OOOOOOOOOOOXOOOOOHHIXXXI 

42 lllllllllllXlllllBHlXXXl 



*. • ■ 



PASS SIMDLATION 



HMSl/ArmAnHur/lJMSi 

0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 



32 


X 


X 


X 


X 










/S*/C*/B*/A*/1D0 






















33 




















34 





-x-x 


— X- 


X 


X 











/S*/C*B*/A*/1D2 


35 


— 


--X- 


-XX- 


X 


X 


— _ 


— — 





/S*/C*B*A*/1D3 


36 





X 


X 


-XX- 


X 








/S*C*/B*/A*/1D4 


37 





— X- 


X 


— X- 


-x-x 


— — 








/S*C*/B*A*/1D5 


38 




X 


— X- 


~x- 


— x -x— 


— — 








/S*C*B*/A*/1D6 


39 





— X- 


— X- 


— X- 


X 


-X — 








/S*C*B*A*/1D7 


40 




X 


X 


X 






-x — 




/S*/C*/B*/A*/2D0 


41 




— X- 


X 


X 








-X — 


/S*/C*/B*A*/2D1 


42 




X 


— X- 


X 










-X~ /S*/C*B*/A*/2D2 


43 




— X- 


— X- 


X 










X /S*/C*B*A*/2D3 


44 




X 


X 


— X- 


X 






X 


/S*C*/B*/A*/2D4 


45 




— X- 


X 


— X- 






— -X 




/S*C*/B*A*/2D5 


46 




X 


— X- 


~x- 




X 






/S*C*B*/«*/2»6 


47 




— X- 


— X- 


— X- 


X X 








/S*C*B*&*/2D7 



LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FOSE BLOWN (H,P,1) 
NUMBER OF FUSES BLOW » 560 



MiiSI/ Appendix/ tftilSi 



Dual 8:1 Multiplexer 



Logic Diagram PAL20L2 



1 2 3 4 5 6 J B 9 10 II 12 13 Ifl 15 16 17 18 19 20 It 22 23 W 2S 26 27 2B 29 3D 31 12 33 M 3S 36 37 3t 3 



1^ 







1t>2^ 



103^5 — l::^ 



1D6^ 



2Do5 — [;:|: 





3:h 



-1Y 



-2Y 



-2D7 



-206 



-2D5 



-2D4 



-203 



Bill 4111 I 9 ig II II 13 l« IS li IT II IS n 21 22 13 24 IS 2G II 21 a M 31 31 31 31 » 31 37 31 31 



PAia8L4. . . » 

mo (74LS453) 
QOftD 4:1 MOLTIPLEXER 
MMI SUNNYVALE, CALIFORNIA 

ICO ICl 1C2 1C3 2C0 2C1 2C2 2C3 SCO 3C1 3C2 GND 
3C3 4C0 4C1 4C2 4Y 3Y 2Y lY 4C3 B A VCC 



PAL DESIGN SPECIWJ5ATIgN,i 
BXiaa^/K&ZMI/BLASCO 03/16/1 i 



/lY 


= 


/B*/A 


* 


/ICO 


; SELECT INPUT ICO 




+ 


/B* A 




/ICl 






+ 


B*/A 


* 


/1C2 


f SELECT INPUT 1C2 




+ 


B* Af. 


* 


/1C3 


•SELECT INPUT 1C3 


/2Y 


= 


/B*/A 


* 


/2C0 


; SELECT INPUT 2C0 




+ 


/B* A 


* 


/2C1 


; SELECT INPUT 2C1 




+ 


B*/A 


* 


/2C2 


•SELECT INPUT 2C2 




+ 


B* A 


* 


/2C3 


5 SELECT INPUT 2C3 


/3Y 




/B*/A 


* 


/3C0 


; SELECT INPUT 3C0 




+ 


/B * A 


* 


/3C1 


f SELECT INPUT 3C1 




+ 


B*/A 


* 


/3C2 


•SELECT INPUT 3C2 




+ 


B* A 


* 


/3C3 


J SELECT INPUT 3C3 


/4Y 


s 


/B*/A 


* 


/4C0 


; SELECT INPUT 4C0 




+ 


/B* A 


* 


/4C1 


; SELECT INPUT 4C1 




+ 


B*/A 


* 


/4C2 


•SELECT INPUT 4C2 




+ 


B* A 


* 


/4C3 


•SELECT INPUT 4C3 



-co 



inCO 
nCZ 




A B 
2 SELECT LINES 



WHERE n = 1, 2, 3, or 4 



^66 



IIIIISI/A|tpHHUJi/L»t53 



B k JCiL IG^mi'^ 2C0 2C1 2C2' 2C3 3Cfl 3C1 3C2 363 4C0 4<a?"*:2' 4813 



; SEL 



■INPUTS- 



€9MMBffiCS 



B 


A 


IC 
0123 


2C 
0123 


3C 
0123 


4C 
0123 


m n n m 






L 


L 


T.HHH 


HHHH 


HHHH 


H^BB 


L 


m 


m 


m 






L 


I. 


HHHH 


T.HHH 


HHHH 


HHHH 


S 


L 


H 


H 


2C0>0 




L 


L 


HHHH 


HHHH 


LHHH 


HHHH 


t 


R 


L 


R 


3C0-O 




L 


L 


HHHH 


HHHH 


HHHH 


LHHH 


H 


H 


H 


L 


4C0>0 




h 


L 


HLLL 


LLLL 


LLLL 


LLLL 


H 


L 


L 


L 


lCO-1 




L 


L 


LLLL 


HLLL 


LLLL 


LLLL 


L 


H 


L 


L 


2C0=1 




L 


L 


IJLLL 


LLLL 


HLLL 


LLLL 


L 


L 


H 


L 


3C0=1 




L 


L 


LLLL 


LLLL 


LLLL 


HLLL 


i, 


L 


L 


« 


4C0'1 




L 


L 


HHHW 


HHHH 


HHHH 




m 


B 


8 


B 


^OGCSLB 


ItTMBS 


I. 


H 


HLHH 


HHHIT 


HHHH 


HHWII 


L 


B 


B 


« 






I. H 


HHHH 


HLHH 


HHHH 


HHHK 


H 


L 


H 


H • 


2C1«0 




L 


H 


HHHH 


HHHH 


HLHH 


HHHH 


H 


B 


L 


H 


3C1-0 




L 


H 


HHHH 


HHHH 


HHHH 


HLHH 


H 


H 


H 


L 


4C1«0 




L 


H 


LHLL 


LLLL 




LLLL 


H 


L 


L 


L 


1C1»1 




L 


H 


T T T T 


T WT T 


T T.T.T 


T T.T.T. 


L 


H 


L 


L 


2C1=1 




L 


H 


LLLL 


T.T-T.T. 


T-HT.T. 


LLLL 


L 


L 


H 


L 


3C1«1 




L 


H 


T.T.T.T. 


LIiLL 


T.T.T.T. 


LHLL 


L 


L 


L 


B 






I. 


H 




"""" 






H 


B 


H 


S 




ij±£US0 


H 


L 


HHLn 


BHBH 






L 


8 


B' 


8' 






H 


L 


HHHH 


HHLH 


HHHH 


HHHH 


a 


L 


» 


I 






H 


L 


HHHH 


HHHH 


HHLH 


HHHH 


i 


H 


L 


H- 






H 


L 


HHHH 


HHHH 


HHHH 


HHLH 


H 


H 


H 


L 






H 


L 


LLHL 


LLLL 


LLLL 


LLLL 


H 


L 


L 


L 






H 


L 


T T T T 


T T UT 


T T T T 


T T T T 


L 


H 


L 


L 






H 


L 


T T T T 


T T T T 


T T UT 
LiLitlLi 


T T T T 


L 


L 


H 


L 


J^Z — J. 




H 


h 


T T T T 


T T T T 


T T T T 


T T tJT 


L 


L 


L 
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H 


L 


HHHH 


HHHH 


HHHH 


HHHH 


H 


H 


H 


H 


TOGGLE 


LIMES 


H 


H 


HHHIl 


HHHH 


HHHH 


HHHH 


L 


H 


H 


H 


1C3-0 




H 


H 




HHHL 


HHHH 


HMMH 


B 




H 


H 


2C3-0 




H 


H 


HHHH 


HHHH 


HHHL 


BB9B 


t 


1 


L 


H 


3C3-0 




H 


H 


HHHH 


HHHH 


HHHH 


HHHL 


H 


H 


H 


L 


4C3-0 




H 


H 


LLLH 


LLLL 


LLLL 


LLLL 


H 


L 


L 


L 


1C3=1 




H 


R 


LLLL 


LLLH 


LLLL 


LLLL 


L 


H 


L 


L 


2C3=1 




H 


H 


LLLL 


LLLL 


LLLH 


LLLL 


L 


L 


H 


L 


3C3=1 




H 


H 


LLLL 


LLLL 


LLLL 


LLLH 


L 


L 


L 


H 


4C3=1 




H 


H 


HHHH 


HHHH 


HHHH 


HHHH 


H 


H 


H 


H 


TOGGLE 


LIMES 
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'■JJ 



.1 ■! 
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LINES A,B ARE ENCODED IN BINARY, VniTH A REPRESENTING THE LSB. 

OPERATI(»@ TABZS: 

INPUT OUTWITS - 

SELECT 



B 


A 




L 


L 


CO 


L 


H 


Cl 


H 


L 


C2 


H 


H 


C3 
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1 ; ' 
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1 OlimillllXllllHHHLlOOl 

2 llllOllllllXllllHHLHlOOl 

3 llllllllOllXllllBLHHlOOl 

4 11 111111111X10 IILHHHIOOI 

5 lOOOOOOOOOOXOOOOIXLHOOOl 

6 OOOOlOOOOOOXOOOOLLHLOOOl 

7 OOOOOOOOlOOXOOOOLHLLOOOl 

8 OOOOOOOOOOOXOlOOHLLLOOOl 

9 lllllllllllXllllHHHHlOOl 

10 lOlllllllllXllUHHHLlOll 

11 lllllOlllllXllllHHLHiqil 

12 lllllllllOlXllllHLHHiOll 

13 lllllllllllXllOlLHHHlOll 

14 OlOOOOOOOOOXOOOOLLLHOOll 

15 OOOOOlOOOOOXOOOOLLHLOOll 

16 OOOOOOOOOlOXOOOOLHLLOOll 

17 OOOOOOOOOOOXOOlOHLLLOOll 

18 lllllllimxllllHHHHlOll 

19 llOlllllUlXllllHHHLllOl 

20 llllllOllllXllllHHLHllOl 

21 llllllllllOXllllHLHHllOl 

22 lllllllllllXlllOLHHHllOl 

23 OOlOOOOOOOOXOOOOLLLHOlOl 

24 OOOOOOIOOOOXOOOOLLHLOIOI 

25 OOOOOOOOOOIXOOOOLHLLOIOI 

26 OOOOOOOOOOOXOOOIHLLLOIOI 

27 lllllllllllXllllHHHHllOl 

28 lllOlllllllXllllHHHLllll 

29 lllllllOlllXllllHHLHlHl 

30 lllllllllllXOlllHLHHllll 

31 lllllllllllXllllLHHHOlU 

32 OOOlOOOOOOOXOOOOLLLHOlll 

33 OOOOOOOlOOOXOOOOLLHLOlll 

34 OOOOOOOOOOOXlOOOLHLLOlll 

35 OOOOOOOOOOOXOOOOHLLLllll 

36 lllllllllllXllllHHHHllll 



un tUe '.ist r ■ ' i. i 

o?"- :('■}& -t.'O ■ ' '^i* 
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PASS SIMULATION 



QUAD 4:1 MULTIPLEXER 

11 1111 nil 2222 2222 2233 3333 3333 , , ^ 

0123 4567 8901 2345 6789 0123 4567 8901 234S 6789 ' ,, r ^ 



24 X X X — /B*/A*/1C0 

25 -X X X — /B*A*/1C1 ,. , g 

26 -X-X — X — B*/A*/1C2 ^ 

27 X- -XX — — B*A*/1C3 ^jj^ 0^ 

- ■ r f 1 '• r 

32 X X -X— — «- /B*/A*/2C0 

33 X X — ^- -— /B*A*/2C1 

34 — ^^—x — X -X • B*/A*/2C2 j, r 

35 X X — -X B*A*/2C3 

40 X X — X /B*/A*/3C0 .. . 

41 X X — X /B*A*/3C1 r'rxf, lU. 

42 X —X — X— B*/A*/3C2 - ! ' ? 

43 X- — X — X B*A*/3C3 . , ^ 

48 X X X /B*/A*/4C0 

49 X X «** X — ~ /B*A*/4C1 

50 — X —X -I- X B*/A*/4C2 

51 X X -% — — B*A*/4C3 



' ■ ' ' I ' ' : ' .r. C t J" 

LS^ND: X : FOSE NOT BLOWN (L,N>0) - : FWM BUOm (H,P,1) 
NUMBER OF FUSES BLOW = 592 

X..i . ■ ■■. 

,ai,Di-i - ■ , '-'.i: ' mil <.e 
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4:1 Multiplexer 



Logic Diagram PAL18L4 



113 4 S S I I 3 10 t1 12 1] 14 U 1S n 20 II H K It 17 21 29 JO ]t 32 33 34 3i 36 21 3» » 



ICO ^— 



1C1 



1C2 



aci - — ^ 



2C2 



2C3 



3C2 ^^-C^ 



3^ 






3;^ 



4C3 



1Y 



2A 



3Y 



4Y 



4C2 



4C1 



4C0 



3C3 



1 2 J 4 S 6 7 < 9 10 n 13 13 t4 15 1S1J 20 21 H If It V » IB » It 34 3* H » 3? 3« » 
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Character Generators 



HAL 



FIFO 



M ultipliers/Dividers^ 



Octal Interface 
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FIFO Selection Guide 



The following selection guides are designed to simplify ttie choice of the particular function to fit the specific application. 

First-ln First-Out (FIFO) 



ORGANIZATION 


FREQUENCY 


CASCASDABLE 


STAND ALONE 


COM 


64x4 


15 MHz 


C67401A 


67401A 


COM 


64x5 . 


15 MHz 


C67402A 


67402A 






COM 


64x4 


10 MHz 


C67401 


67401 


COM 


64x5 


10 MHz 


C67402 


67402 


MIL 


64x4 


10 MHz 


C57401A 


57401 A 


MIL 


64x5 


10 MHz 


C57402A 


57402A 


MIL 


64x4 


7 MHz 


C57401 


57401 


MIL 


64x5 . 


7 MHz 


C57402 


57402 



.1 < 



i " ! 



'HI,; 



i Ji ^.("Jr'* j;:^*^ 'iii;. '^f eJ&'i':lilff' 



PlrsMn- Firsi-Oiit (FIP^ 
Serial Cascadable Memory 
C5/C67401A C5/C67402A 
C5/C67401 C5/C67402 



mi 



Paatures/Benefits 

• Choice of IS and 10 MHz shift out i 

• Choice of 4 bit or 5 bit data width 

• TTL Inputs and outputs 

• Readily expandable in tlie word and bit dimensions 

• Output pins directly opposite corresponding Input pins 

• Asynchronous or synchronous operation 

• Pin compatible with Fairchikfs P3341.MOS FIFO and many 
times as fast 

DMcription 

Ttie C5/C67401A/2A/1/2 are expandable "fall-through" high 
speed First-ln First-Out (FIFO) memory organized 64 words by 
4-bits and 64 words by 5-bits respectively. A 15 IVIHz data rate 
allows usage In high speed tape or disc eofitDEtll!^ '%nst| 
communication buffer appiications. ~ 

-> — 

Block Diagrams 

. . CS/C67401/A 64x4 



PART 

NUMBER 


PKG 


TEMP 


DESCRIPTION 


C57401 


J,F 


MIL 


7 MHz 64x4 FIFO 


C67401 


J 


COM 


10 MHz 64x4 FIFO 


C57402 


J.F 


MIL 


7 MHz 64x5 FIFO 


C67402 


J 


COM 


10 MHz 64x5 FIFO 


C57401A 


J,F 


MIL 


10 MHz 64x4 FIFO 


C67401A 


J 


COM 


15 MHz 64x4 FIFO 


C57402A 


J,F 


MIL 


\MjW^z 64x5 FIFO 


C67402A 


J 


COM 


15 MHz 64x6 FIFO 




Do 
.°1 



MPUT 
READV 



4 








5 ^ 


FIFO 


6 


INPUT 


7 


STAGE 







62 X 4 Brr 

REGISTER 



IE 31 



INPUT 
CONTROL 
LOGIC 



REGISTER 
CONTROL 
LOGIC 



FIFO 
OUTPUT 
STAGE 






SHIFT 
15 OUT 

^ OUTPUT 

14 READY 


OUTPUT 
CONTROL 
LOGIC 



Pin Configurations 



NcE 
INPUT READY ^ 




ijjvcc 

isl SHIFT OUT 
SHIFT IN ^ m] output READY 

Do [7 C5/Ce7401/A 13] oo 

Dl [T iJjol 
Dj^ ]7]o2 

n 



Do 
Pi 
02 



input . 

READY 




4 




5 


FIFO 
INPUT 
STAGE 


6 

7 ^ 


2 
3 


^> 


INPUT 
CONTROL 
LOGIC 





62>5 BIT 
REGISTER 



IE 



coNinOL 

LOGIC 







FIFO 
OUTPUT 
STAGE 









SHIFT 


OUTPUT 
CONTROL 
LOGIC 


17 OUT 

^ OUTPUT 

16 READY 


t 





IMStER RESET 



INPUT HEADY |7 



SHIFT 



MASTER RESET 



IN^ 

DoE 
Dl|T 

DsE 
BNDfT 



C5/C67402/A 



iDvcc 

n] SHIFT OUT 
It] OUTPUT READY 

i6]ooi 
ujo, 
23] 02 

Tl]04 
10] MASTER RESET 



MonoMMc 

116SEast AiqiieaA«ianuit, Siini^le,ClkM0aB m(i08)73S-3S3$ VimMmmem» 



m 
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C5/C67401A/2A Cascadable 



Off-state output voltage 5.5V 

Storage temperature , . .. t-65° to .tl50°C 



Operating Conditions C5/C67401 A/2A 



SYMBOL 


PARAMETER 


RGURE 


MILITARY A 
MIN NOM MAX 


COMMERCIAL A 
MIN NOM MAX 


UNIT 


Vcc 


Supply voltage 




4.5 5 5.5 


4.75 5 5.25 


V 




Operating free-air temperature 




-55 *125 


75 


°C 


teiutt 


Shift in HIGH time 


1 


35 


23 28t 


ns 


*SIL 


Sfiift In LOW time 


1 


35 


25 


ns 


♦ids 


Input data set up 


1 








ns 


*IDH 


Input data hold time 


1 


45 


40 


ns 


♦sOHtt 


Shift Out H! 


ns 


'sol 


Shift Out LOW time 


6 


35 


25 


ns 


♦mrw 


Master Reset pulse** 


11 


40 


35 


ns 


•mrs 


Master Reset to SI 


11 


45 


35 


ns 



*Case temperature. 

fMAX width of these pulses is 7-38 ns, where T fs the inverse of the data rate. For example at 15 MHz T = 66 ns and T-38 = 28 ns. 
tfThe values listed in this table are for interfacing with a FIFO input or a FIFO/string output. To guarantee the cascadability. Monolithic Memories tests tg||^ 
and tgQi^ at 23 ns. - 

**Ma8ter reset clears all the cells to the empty st^e, and the data ouQjuts to a LOW state. ' 



Switching Characteristics C5/C67401A/2A 

Over .Openrting CohdWom 



SYMBOL 


PARAMETER 


HGURE 


MILITARY A 
MIN MAX 


COMMERCIAL A 
MIN MAX 


UNIT 


'in 


Shift in rate 


1 


10 


15 


MHz 


t|RL 


Shift In to Input Ready LOW 


1 


50 


40 


ns 


t|RH 


Shift In to Input Ready HIGH 


1 


50 


40 


ns 


<OUT 


Shift Out rate 


6 


10 


15 


MHz 


♦ORL 


Shift Out to Output Ready LOW 


6 


65 


45 


ns 


'ORH 


Shift Out to Output Ready HIGH 


6 


65 


50 


ns 


<OD 


Output data delay 


6 


10 60 


10 45 


ns 


tpT 


Data throughput or "fall through" 


4, 9 


2.2 


1.6 


MS 


♦mrorl 


Master Reset to OR LOW 


11 


65 


60 


ns 


♦mrirh 


Master Reset to IR HIGH 


11 


65 


60 


ns 


*IPH 


Input Ready pulse HIGH 


4 


30 


30 


ns 




Output R«a^ puto.MliGaH 


9 


30 


. ,.ao 


ns 



G5/C67401/2 Cascadable ^ 



Absolute Maximum Ratings ^ L - ' 

Supply voltage Vpc 4. • 7V 

Input voltage ■ • • 

Off-state output voltage ,. , . . ., ... . . . , , ... . 5 SV 

Storage temperature -65° to +150° C 



Operating Conditions C5/C67401/2 



SYMBOL 


PARAMETER 


FIGURE 


MILITARY 
MIN NOM MAX 


COMMERCIAL 
MIN NOM MAX 


UNIT 


vcc 


Supply voltage 




4.8 S 5.5 


4.75 5 5.25 


V 


Ta 


Operating free-air temperature 




-55- *125 


75 


°C 


'SIH+ 


Shift in HIGH time » 


1 


45 


35 •>-■ '"J 


ns 


^SIL 


Shift in LOW time 


1 


45 


35 


ns 


t|DS 


Input data set up 


1 








ns 


t|DH 


Input data hold time 


1 


55 


45 


ns 


'SOHt 


Shift Out HIGH time 


6 


45 


35 


ns 


*SOL 


Shift Out LOW time 


6 


45 


35 


ns 


*MRW 


Master Reset pulse tt 


11 


30 - 


-as- 


ns 


'MRS 


Master Reset to SI 


11 


45 


35 


ttS . 



* Case temperature. 

tThe values listed in this table are for interfacing to a FIFO ir)put or a FIFO/string output. To guarantee the cascadability, Monolittiic Memories tests tg||_| 

and tsoH at 25 ns. , . . - 

ttMaater reset clears all the ceH^lb the emiaJSOIi«li,<ai#NI«#^ to a LI0W S^. ^ * a ■ ' » * ^t*''- "<* ' 
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Switciiing Ciiaracteristlcs C5/C67401/2 



Over Operating Conditions 



SYMBOL 


PARAMETER 


FIGURE 


MILITARY 
MIN MAX 


COMMERCIAL 
MIN MAX 


UNIT 


f|N 


Shift in rate 


1 


7 


10 


MHz 


t|RL 


Shift In to Input Ready LOW 


1 


60 


45 


ns 


'iRH 


Shift In to Input Ready HIGH 


1 


6P 


45. 


ns 


*OUT 


Shift Out rate 


6 


7 


10 


MHz 


tORL 


Shift Out to Output Ready LOW ■ 


6 


65 


55 


ns 


'ORH 


Shift Out to Output Ready HI#H 


6 


70 


. ^'^60 


ns 


tOD 


Output data delay 


6 


10 65 


10 55 


ns 


«PT 


Data throughput or "fall through" 


4, 9 


4 


3 


flS 


'mrorl 


Master Reset to OR LOW 


11 


65 


60 


ns 


*MRIRH 


Master Reset to IR HIGH 


11 


65 


60 


ns 


'IPH 


Input Ready pulse HIGH 


4 


30 


30 


ns 


*OPH 


Output Ready pulse HIGH 


9 


30 


30 


ns 
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C5/C67401A/2A/1/2 Cascadable 



Electrical Characteristics over operating conditions 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


V|L 


Low-level input voltage 




0.8 


V 


V|H 


High-level input voltage 




2 


V 


V|C 


Input clamp voltage 


Vcc = MIN l| = -18mA 


-1.5 


V 


«IL1 


Low-level 
input current 


D0-D4, MR 


Vcc " I^AX V| = 0.45V 


-0.8 


mA 


l|L2 


SI, SO 


-1.6 


mA 


l|H 


High-level input current 


Vcc = V| = 2.4V 


50 


mA 


l| 


Maximum input current 


VCC = MAX V| = 5.5V 


1 


mA 


Vol 


Low-level output voltage 


Vcc = MiN 

V|L = 0.8V 
V|H =2V 


Iql = 8mA 


0.5 


V 


VOH 


High-level output voltage 


Vcc l^'N 

V|L = 0.8V 
V|H =2V 


Iqh = -0.9mA 


2.4 


V 


'os 


Output short-circuit current * 


Vcc = Vq = ov . _ _ 


-20 -90 


mA 




Supply cun«nt 


Vcc ^ ^'^^ 
Inputs low, 
outputs open 


C5/67401 


160 


nnA 


C5/67402 _ . . . - 


180 


C5/67401A 


170 


C5/67402A 


190 





4tNot mors than one output should be shorted at a time and tbiisa^Kpn ,-Pf ttw. 9hpit<«ireuit should fjot ^i^ted one seeond. 



Standard Teat Load 



Input Pulse Amplitude = 3V 
Input Rise and Fall Time 
5 ns from 1 V to 2 V 
Measurements made at 1.5 V 



1 
J' 



-0 TEST POIMT 



Data Transfer 

Once data is entered into the second cell, the transfer of any full 
cell to the adjacent (downstream) empty cell is automatic, 
activated by an on-chip control. Thus data will stack up at the 
end of the device while empty locations will "bubble" to the front. 
tpT defines the time required for the first data to trawel from input 
to the output of a previously empty device. 



Functional DMicrlptlen 

Data Input 

After power up the Master Reset is pulsed low (Fig. 11) to 
prepare the FIFO to accept data in the first location. When Input 
Ready (IR) is HIGH the location is ready to accept data from the 
□ x inputs. Data then present at the data inputs is entered into 
the first location when the Shift In (SI) is brought HIGH. A SI 
HIGH signal causes the IR to go LOW. Data remains at the first 
location until SI is brought LOW. When SI is brought LOW and 
the FIFO is not full, IR will go HIGH, indicating that more room 
is available. Simultaneously, data will propagate to the second 
location and continue shifting until it reaches the output stage 
or a full location. If the memory is full, IR will remain LOW. 



Data Output 

Data Is read from the Ox outputs. When data is shifted to the 
output stage. Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained wtiile 
the SO is HIGH. When S6 is brought LOW the upstream data, 
provided that stage has valid data. Is shifted to the output stage. 
When new valid data Is shifted to the output stage, OR goes 
HIGH. If the FIFO is emptied, OR stays LOW. and Ox remains 
as before, (i.e. data does not change if FIFO is empty). 

Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tpj) or completely empty (Output Ready 
stays LOW for at least ipj). 
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C5/C67401i^2A/1/2 Cascadable 



INPUT REAOY- 



I 



-<SIL- 



-t|DH- 



•-'10$ 



-1/1, 



\4 



-'IRH- 



-«lltL- 




SHIFT IN 



^^35n. ^ 



INPUT DATA Y -• ■ 

— .JVL- 



/ V 



HOLD TIME 





Figure 2. Typical Waveforms lor 10 MHz Shift In Data Rate (C67401) 



IMPUTREMV- 



© 



©. 



S^vjT 





INIHIT DATA 




-STABLE DATA- 



"TlMr .liwaMtrtIt iil'fliMNf .llllfe'Jnto M .FIFO' 

Input Ready HIGH Indicates space is available and 8 Shitt In pulae DMiirtei 
Input Data is loaded into the first word. 

Input Ready goes LOW indicating the first word Is fyll. ■ ■ . ' c •» r,- 1 

Tfie Data from the first word is released for "fall-through" to second word. ^ ^ ' 

The Data from the first word is transferred to second word. The first word is now en^^ as Indicated by Input Ready HIGH. ^ : 'f e6 r j 
(5) If the seei*nd HKOfd Is already full then the data remains B*e tim warcf: iriS^wWo is'^fSl'Input' Re^ly%TO^ ? ' "<on ni«; .in- 

NOTE: Shift In pulses applied while Input Ready is LOW will be ignored (See Figure 5) 
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C5/C67401A/2A/1/2 Cascadable 



SHIfTOUT 



INPUT READY 



-tPT- 



Rgiire 4. t|p^ SpedflcaUon 



^^FIFO is initially full. 
^^Shift In held HIGH 



SHIFT OUT 



INPUT READY 



<5l> 



INPUT DATA 




^^FtFO IS initially full 

Shift Out pulse is applied. An empty location start "bubbling" to the front. 
Shift In is held HIGH 

^^As soon as Input Ready becomes HIGH the Input Data is loaded into the first word. 
The Data from the first word is released for "fall through" to second word. 




HI6H 
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OUT 



OUTPUT READY- 



-l/fOUT- 



>0D (mln)- 



-•SOL- 



-too (max)- 




\ 



The diagram assumes, ^at at this time, words 63. es.. 61 are loaded with A. B. C Data, respectively. 




\ 



mlPTOut 



OUTPUT READY 



/ ~\ 

J ^ \ 35 ns — »J 

/ 1 \ 



OUTPUT DATA 



wm> 




mmmmm 


m 


m 


m 




Figure 7. Typical Waveforms for 10 MHz Shift Out Data Rate (C67401) 



The diagram assumas. that at this time, words 63. 62. 61 are loaded with A. B. C Data, respectively. 
t^y[i£n«^ rn tfie emssxaichsd region may M A or B tWa.. 



C5ZC6740J A/2A/ 1 /Z Caseadable 



SHIFT OUT 




OUTPUT READY 



'OUTPUT OAT* 






-AORB- 



1 UU (U4HIU 



FIflur* 8. The Mechanltm of Shifting Data Out of the FIFO. 



Output Ready HIGH McBtes that data Is available and a Shift Out pulse may bs applM. 

Shift Out goes HIGH causing the next 

Output Ready goes LOW. . ^ ' . • - ■•■7:1. t« - 

Contents of word 62 (B-OATA) is released for "fall through" to word 63. 

Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. 

If the FIFO has only one word loaded (A-DATA) then Output Ready stays LOW and the A-DATA remains unchanged at the outputs. 



SHIFT OUT 



OUTPUT READY 



IV., 



mo r"!" 



J 1 

A 



*f-r 



' ^gur«9.' ipj and iQPH Spedtlealion, 



FIFO initially empty. 
(F) Shift Out held HIGH. 
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mmm bata 





k1- 
I 



ri 1 1 1 1 1 1 1 1 1 1 1 1 , 
1 J 1 1 1 1 1 1 1 1 1 1 1 1 1 




Figure 10. Data is Shitted Out Whenever Shitt Out and Output Ready are Both HIGH. 



Word 63 is empty. 

Mew^^tei (A) arri/es at the outputs (word 63). 
Output Ready goes HIGH indicating the a,rr1s^'#ltepe»' #<i». 
CO .Since Shift Out is held HIGH. Output Ready goes immediately LOW. 



ad ."'f 



rsj As soon as Shift Out goes LOW the Output Data is subject to change as shown by the dashe«S Itne. on Output Ready. 



MASTER RESET — 



mm RSADY 
QUT*if ■:8Sl(eiy ' 

iWi! .1.; Ti'iCt 



y. D I?, - 

— -V/j '<■■! 



-tMRW- 



3t 



tMRIRH- 



■tMRORL- 



7 



-'MRS- 



Figure 11. Master Reset Timing 

:C » 'I -t ni) r^,'.'' "1. II.,: 'j . 'It --J' . ■• 



J 



\ 



.1^ 



iw 1 *g9ttjO 
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SHIFT IN ■ 
INPUT READY . 



BATA IN 



MASTER RESET O- 



OUTPUT REikOY 
SHIFT OUT 

> DATA OUT 



•TAC n>»TwO 



Figure 12. Cascading FIFOs to Form 128x4 FIFO writh C5/C67401A/1 



FIFOs can be easily cascaded to any desired (SefiSrt. The handshaking and associated timing between the FIFQs are handled t>y the 
FIFOs themselves. 



COMPOSITE 
INPUT READY 



SHIFT IN 



IR 


SO 


SI 


OR 


Do 


Qo 


D1 


Qi 


02 


02 


03 


iiR °3 



ML 



so 

OR 

Qo 

Qi 

02 
03 



IR 


SO 


SI 


OR 


Do 


Oo 


Dl 


Qi 


Dj 


Qi 


Da 


MR °' 






IR 


so 
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Figure 13. 192x12 FIFO with CS/C67401A/1 



FIFOs are mpandable in depth and width. However, in forming wider words two external gates are raqidmd to generate composite 
Input and Output Ready flags. This need IS due to the different fall through times of the FIFOs. 
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First-ln First-Out (FIFO) 64x4 64x5 
Serial Stand-Alone Memory 
5/67401A 5/6f402A 5/6?401 



i 'iMfoniUition 



• Choice of 15 and 10 MHz shift out guai'Wtlniwi | 

• Choice of 4 bit or 5 bit data width 

• TTL inputs and outputs 

• Readily expandable In the word dimension only 

• Output pins directly opposite corresponding input pins 

• Asynchronous or synchronous operation 

• Pin compatible with Fairdiiltrs F3341 MOS FIFO and many 

times as fast - , 

Description 

The 67401/2 are expandable "fall-through" high sjseed Fitit-ln 
First-Out (FIFO) memory organized 64 words by 4-blts and 
64 words by 5 bits respectively. A 15 MHz data rate allows usage 
in high speed tape or disc contcollers and communicMoh 
' buffer applications. 



Diagrams 



a-' 

01 



"PART 
NUMBER 


PKG 


TEMP 


DESCRIPTION 


57401 


J,F 


MIL 


7 MHz 64x4 FIFO 


67401 


J 


COM 


10 MHz 64x4 FIFO 


57402 


J,F 


MIL 


7 MHz 64x5 FIFO 


67402 


J 


COM 


10 MHz 64x5 FIFO 


57401 A 


J,F 


MIL 


10 MHz 64x4 FIFO 


67401 A 


J 


COM 


15 MHz 64x4 FIFO 


57402A 


J,F 


MIL 


10 MHz 64x5 FIFO 


67402A 


J 


COM 


15 MHz 64x5 FIFO 



5/S7401/A 
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^IFt 3, 

IN ' 



— \ 62«5 BfT 
REGISTER 
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Do[T 
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5/S74in/A 
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5/67401 A/2A Stand-alone 



Absolute Maximum Ratings » - i ^ « # - 

Supply voltage Vqq !S . X*. .'. 5 j* . . /f\ . . v. a . . . .-i . . . .v .'. ;■ . v. . ; TV 

Input voltage . . .... j, . , i,.^^, i^. x . . ^sr, y*,. i . . .^.^ .-^^.■5^. . t^j ^. .:>...<....... TV 

Off-state output voltage .\ 'J. VI4 . . .74 .V". . .; .%f •h'. 4* . . ; » . . V. .... ,T. ': . . . St: I 6.5V 



Operating Conditions 5/67401 A/^A 



stmdul 


DADAUPTPD 


nuunc 


MILITARY A 
MIN NOM MAX 


COMMERCIAL A 
MIN NOM MAX 


1 IMIT 


vcc 


Supply voltage - 




4.5 5 5.5 


4.75 5 5.25 


V 


Ta 


Operating free-air temperature 




-55 •125 


75 


°c 


tSIH 


Shift in HIGH time i 


1 


35 


23 28t 


ns 


*SIL 


Shift in LOW time 


1 


35 


25 ^ 


ns 


*IDS 


Input data set up 


1 




5 


ns 


'IDH 


Input data hold time 






40 


ns 


*SOH 


Shift Out HIGH time 


6 


35 - -v. c- . 


23 28 


ns 


*SOL 


Shift Out LOW time 


6 


35 


25 


ns 


'mrw 


Master Reset pulse tt 


11 


40 


35 


ns 


^MRS 


Master Re^rt tp jl , 


11 


45 




ns 



♦ Case temperature. . . ^ . - 

IMAX width of ttiese pulses is T-38 ns, where T is tlie inverse of the data rate. For example at 15 MHz T = 66 ns and T-3B = 28 ns. 
ttMxter reset clears alt ttte cells to the empty state, and the data oiiiputs to a LOW state. iryo i '^-.ti - .. 
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Switching Characteristics 5/67401 ||f2A i 

Over Operating Conditions i 



SYMBOL 


PARAMETER 


FIGURE 


MILITARY A 
MIN MAX 


COMMERCIAL A 
MIN MAX 


UNIT 


f|N 


■ ^^^^^ 

Shift in rate 


1 


10 


15 


MHz 


^IRL 


Shift In to input ready LOW 


1 


SO 




; ns- ' 


t|RH 


Shift W to input ready HIGH 


1 


50 


_ 40 


ns 


♦out 


Shift Out rate 


6 


10 


15 


MHz 


'ORL 


Shift Out to Output Ready LOW 


6 


65 


45 


ns 


*ORH 


Shift Out to Output Ready HIGH 


6 


65 


50 


ns 


♦OD 


Output data delay 


6 


10 60 


•10 M - , 45 


ns 


tpT 


Data throughput or "fall through" 


4,9 


2.2 


1.6 


^lS 


'mrorl 


Master Reset to OR LOW 


11 


65, 


60 


ns 


'mrirh 


Master Beset to IR HIGH . 


11 




' 6P 

1— ^ 


ns 


•iPH 


Input Ready pulse HIGH 


4 


20 

'•It- 


20 


ns 


'OPH 


Output Ready-pulse HIGH 


9 


20 


20 


ns 



#/«67401/2 Stand-alonpiC 



Absolute Maximum Ratings " ' V"^'-' 

Supply Voltage, Vqc — < • • • ■ ■ i ' — : .v.- j 7V 

Input Voltage : , . 7V 

Off-state output voltage . , .„, .,. , . .» ,«» .„ . ■ . . , . . .»v!w»5««^>wi=!^.—.^ ; .^rr. . .............. .SsWi 

Storage temperature -65° t&-k*SO°C 



Operating Conditions 5/67401/2 



SYMBOL 


PARAMETER 


FIGURE 


MILITARY 
MIN NOM MAX 


COMMERCIAL 
MIN NOM MAX 


UNIT 


Vcc 


Supply voltage 




4.5 5 5.5 


4.75 „ 5 5.25 


V 


Ta 


Operating free-air temperrtws 






a 75 


"C 


<SIH 


Shift in HIGH time 


.1. 


45 


35 


ns 


*SIL 


Shift in LOW time 


1 


45 


35 


ns 


*IDS 


Input data set up 


1 


10 


5 


ns 


t|DH 


Input data hold time 


1 


59- 


■••45- - '^i'W' '-.H 


; ■ ns 1 


'SOH 


Shift Out HIGH time 


6 


45 


35 


ns 


*SOL 


Shift Out LOW time 


6 


45,^.,^^. , 


■1 35.., -i;- " • 1 :. . 


ns 


'mrw 


IVIaster Reset pulset 


11 


30 


3S' 


ns 


^MRS 


Master Reset to SI 


11 


45 


35 


ns 



♦Case temperature. 

tMaster reset clears all the cells to the empty state, and the data outputs to a LOW state. 



Switching Characteristic 5/67411.1 /2 

Over Operating Conditions 



SYMBOL 


PARAMETER 


FIGURE 


MILITARY 
MIN a Z)fim 


COMMERCIAL 
MIN MAX 


UNIT 


'in 


Shift in rate 


1 


7 


10 


MHz 


'IRL 


Shift In to input ready LOW 


1 


60 


45 


ns 


t|RH 


Shift In to input ready HIGH 


1 


60 


45 


ns 


'out 


Shift Out rate 


6 


7 


10 


MHz 


'ORL 


Shift Out to Output Ready LOW 


6 


65 


.55 


ns 


'ORH 


Shift Out to Output Ready HIGH 


6 


70 


60 


ns 


*OD 


Output data delay 


6 


10 65 


10 55 


ns 


'PT 


Data throughput or "fall through" 


4, 9 


4 


3 


AlS 


'mrorl 


Master Reset to OR LOW 


11 


65 


60 


ns 


*MRIRH 


Master Reset to IR HIGH 


11 


65 


60 


ns 


'IPH 


Input Ready pulse HIGH 


4 


20 


20 


ns 


'OPH 


Output Ready pulse HIGH 


9 


20 


20 


ns 



5/67401 A/2A/1/2 Stand-alone 



Electrical Characteristics over operating conditions 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 




Low-level input voltage 




0.8 


v 


in 


High-level input voltage 




2 


v 


V|c 


Input clamp voltage 


Vcc = WIN l| = -18mA 


—1 .5 




l|U 


Low-level 
input current 


D0-D4, MR 


VcC " MAX V| = 45V 


-0.8 


mA 


'lL2 


SI, SO 


-1.6 


mA 


In 


High-level input current 


Vcc = MAX V| = 24V 


50 




'I 


Maximum input current 


VCC = MAX V| = 5.5V 


1 


mA 


Vol 


Low-level output voltage 


Vqc = MIN 

V||_ = 0.8V 
V|H =2V 


Iql = 8mA 


0.5 


V 


VOH 


High-level output voltage 


Vcc = M\N 
V|L =0.8V 
V,H =2V 


Iqh - -0.9mA 


Z.4 


V 


'os 


Output short-circuit current * 


Vcc = *^ Vg = ov 


-20 -90 


mA 


.. 'cc 


_ Supply current 


Vcc = 

Inputs low, 
outputs open. 


57/67401 


160 


mA 


5/67402 


180 


5/67401 A 


170 


5/67402A 


190 



* Not more than one output should be shorted at a time and duration of the short circuit should not exce«l one second. 



Standard Test Load 



Input Pulse Amplitude = 3 V 
Input Rise and Fall Time 
5 ns from 1 V to 2 V 
MeasupeMnts made' 'at 1.5 V 



OUTPUT o- 



1 



-0 TEST POINT 



Functional Des^iptien 

Data Input 

After Power Up the Master Reset is pulsed LOW (Fig. 11) to 
prepare the FIFO to accept data in the first location. When Input 
Ready (IR) is HIGH, the location is ready to accept data from the 0,^ 
inputs. Data then present at the four data inputs is entered into the 
first location when the Shift In (SI) is brought HIGH. A SI HIGH 
signal cuases the I R to go LOW. Data remains at the first location 
until SI is brought LOW. When SI is brought LOW and the FIFO is 
not full. IR will go HIGH, indicating that more room is available. 
Simultaneously, data will propagate to the second location and 
continue shifting until it reaches the output stage or a full location. 
If the memory is full. IR will remain LOW. 



Data Transfer 

Once data is entered into the second cell, the transfer of any full 
cell to the adjacent (downstream) empty cell is automatic, 
activated by an on-chip control. Thus data will stack up at the 
end of the device while empty locations will "bubble" to the front. 
tpT defines the time required for the first data to travel from input 
to the output of a previously empty device. 

Data Output 

Data is read from the Ox outputs. When data is shifted to the 
output stage, Output Ready (OR) goes HIGH, indicating the 
presence of valid data. When the OR is HIGH, data may be 
shifted out by bringing the Shift Out (SO) HIGH. A HIGH signal 
at SO causes the OR to go LOW. Valid data is maintained while 
the SO is HIGH. Wtien SO is brought LOW the upstream data, 
provided that stage has valid data, is shifted to the output stage. 
When new valid data Is shifted to the output stage, OR goes 
HIGH. If the FIFO is emptied, OR stays LOW, and Ox remains 
as before, (i.e. data does not change if FIFO is empty) 

Input Ready and Output Ready may also be used as status 
signals indicating that the FIFO is completely full (Input Ready 
stays LOW for at least tpj) or completely empty (Output Ready 
stays LOW for at least tpj ) . 
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5/674Q1A/2A/1/2 $Uin«i9«l90e 
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Figure 2. Typical Waveforms for 10 MHz Stiift In Data Rate (67401/2) 



© 



SHIFT IN 



INPUT READV- 



© 



© 



INPUT DATA 








1 


c Tmmmm 


m 


mmmm 


m 


Hi 




mm 


m 





Figure 3. The Mechanism of Shifting Data Into IN-FI^4%^ e^.^ 

Input Ready HIGH indicates space is available and a Shift In pulse may be applied. 
Input Data is loaded into the first word. 

Input Ready goes LOW indicating the first word is full. - - 

The Data from the first word is released for "faM-lhrough" to second word 

The Data from the first word is transferred to second word. The first word is now empty as indicated by Input Ready HIGH 

If the second word is already full then the data remains at the first word. Since the FifO I$'ni9(te401l'%iitfdf Re^^ « * 

NOTE: Shift In pulses applied white Input Ready is LOW will be ignored (See Figure 5)- 
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5/674ai A/2A/.1 /2 Stand-alone 




SHIFT OUT 



r IN ■■ 1^ 



INPUT READY ■ 



li^PUT DATA 





Hgum 5. Data li aMIlMl In WlMMwr ShHt In and Input Ready ai« Both HIGH 



Q FIFO is initially full. 

Shift Out pulse is applied. An empty location start "bubbling" to ttie front. 

Shift In is held HIGH 

As soon as Input Ready becoines HIGH the Input Data is loaded into the first word. 
The Data from ttie first loor^ «>,iele«sed for '^l thieugli"^,se0Wi4 wont. < ■ 
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OUTPUT REM^ 



OUTPUT DATA 



-l/fOUT- 



'OD (min)- 



A-DATA 



\ 



-i/tOUT- 




Figure 6. Output Timing 



P] fTititt'4tB8Mn MHttimes. that at this time, words 63. 62. 61 are loaded wfth A. B. C Data, respectively. 



OUTPUT READY 




Figure 7. Typical Waveforms for 10 MHz SMft Out Data Rata (67401/2) 



The diagram assumes, that at this time, words 63. 62. 61 are loaded with A, B, C Data, ri 
Data in the crosshatched region may be A or B Data. 



HOtt-, WMt I«i I . 
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SHIFT OUT 



OUTPUT READY 



OUTPUT DATA 




A-DATA 




Rgurs 8. Th« Mwhanism of ShlHtng Data Out of the FIFO. 



Output Ready HIGH indicates that data is available and a Shift Out pulse may be applied. 
Shift Out goes HIGH causing the next step. • 
Output Ready goes LOW. 

Contents of word 62 (B-DATA) is released for "fall through" to word 63. 
Output Ready goes HIGH indicating that new data (B) is now available at the FIFO outputs. 
„^^.U^the FIFO ^^j^j^ne wofd loaded (A'DATA^th^ Output Readjr^tays I.OW and tte A^DA'^ . remains unchanged at Jhe outputs. 



SHIFT OUT 



OUTPUT READY 



J 

A. 



1 



I-" — 1 



Figures. tprv^CioPH Sp'clflcetlon 



^ FIFO initially empty. 
Sfttii Out ftald HIGH. 



'C9 
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5/67401 A/2A/1/2 Stand-alone 



'«Cn!^'«M|f' r'V i ---tIlri: » . .1 , , _ 1 . - 1 ■ . (T) 

» \ 



OUTPUT READV ■ 



riiiii III I mil 
1 1 1 1 1 1 1 1 n 1 1 1 1 1 




ngui»10. Date H ffiMHK 0trt j)» » i WMi » r Wm^MHA OMlMit llMdy an ioMi HIGH. 

^T) Word 63 is empty 

New data (A) arrives at the outputs (word 63). 

Output Ready goes HIGH indicating the aiTlval!«if Wt> naii><to^ 

Since Shift Out is held HIGH. Output Ready goes immediately LOW. 
(?) As soon «s Shift Out goes LOW the Output Data is subject to change as shown by the dHhsd line en Output Ready. 



'MASTER RESET 



INPUT READY 



OUTPUT READY ' 



J 



'tMRMM- 



•mrorl- 



-IMRS- 



J 



Q FIFO Initially full. 



FIgura 11. Mwter Ratel Timbig 



The following selection guides are designed to simplify the choice of the particular function to fit the specific application. 

Arithmetic and Logic Elements 



DESCRIPTION 


PART NUMBER 


MAX ADD 
TIME 


MAX CARRY (OR 
GENERATE) TIME 


PINS 


4-bit ALU 


5/74S381 


27 ns 


20 ns 


20 


4 Group carry-look-ahead generator 


5/74S182 




7 ns 


16 


Look-Up Tables 


DESCRIPTION 


PART NUMBER 


MAX ACCESS TIME 


PINS 


Sine {0°-90°) Look-Up Table 


6086/7 


100 ns 


24 


5086/7 


150 ns 


24 
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Arithmetic Logic Unit/ 
Function Generator 

SN54S381 SN74S381 



Features/ Benefits 



• A Fully Parallel 4-Bit ALU In 20-Pin Padcage lor 0.300-lneh 
Row Spacing 



• I^Ny'fliled lor Higli-Density Econolilleil MpBMSBliB 



• Parallel Inputs and Outputs and Futt 
System Flexlliility 



Ordering information 



PART NUMBER 




TEMPERATURE 


SN54S381 


J20,F20 


Military 


SN74S381 


J20 


Commercial 



Pin Conf igiiration > 

' SN54S381, SN74S381 



• Arithmetic and Logic Operations Sele^te#_%{^e«MF %, 
Simplify System Implementation: 

A Minus B ' ' 
B Minus A 
A Plus B 

jvri«^(|Pfe» Other Fundions j<c " = 



(Ascription 

The '3381 is a Schottky TTL arithmetic logic unit (ALU)/function 
generator that performs eight binary arithmetic/logic operations 
on two 4-bit words as shown in the function table. These opera- 
tions are selected by the three function-select lines (SO, 81 , S2). A 
fully carry look-ahead circuit is provided for fast, simultaneous 
carry generation by means of two cascade outputs (P and for i 
the four bits in the package. , - - - 

! ,, ' 1 'S 



INPUTS 



Al|T 










1 


Bl|T 




B1 






19] A2 


AofT 




AO 


B2 




]J|b2 


Bo IT 




Bo 


A3 




t7]*3 


sofT 




So 


B3 










S) 


Cn 




16]cn 






S2 


P 




141p 


|f„|T 




FO 


G 




hIg 






F1 






12] 






1 









Function Tabie 



Logic Symbol 




SELECTION 


ARITHMETIC/LOGIC OPERATION 


S2 SI SO 


L L L 


Clear f 


L L H 


B minus A 


L H L 


A minus B 


L H H 


A plus B 


H L L 


A © B 


H L H 


A + B 


H H L 


AB 


H H H. 


Preset ft _ _ , 



t Force all F ouQjiiB to be Lows, 
tt Force ail F outputs-to be t^igtis. 



1 16S,EMt Miuet Aweniie, Sunnyvale, CA4«0|Kc .,T«I: (491$ PM53Sl VtOsitlMaa-ma- 
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SN54S381 SN74S381 



Absolute Maximum Ratings 

Supply Voltage. Vqc 

Input Voltage .« . C 5.5V 

Storage Temperature Range , -65°C to +150°C 



Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MIN NOM MAX 


COMMERCIAL 
MIN NOM MAX 


UNIT 


Vcc 


■ . ' . ■ i.H^ i.'.n ' ip ■ 

Supply voltage - * . 


4.5 5 5.5 


4.75 5 5.25 


V 


Ta 


Operating free-air temperature 


-55 125 


70 


"C 


Electrical Characteristics Over operating conditions ■ - >' ^ 


SYMBOL 


PARAMETER 


^ TEST CONDITIONS 


MIN Tl^ MAX 


UNIT 


V|L 


Low-level Input voltage 




0.8 


V 


V|H 


High-level input voltage 




2 


V 


V|C 


Input clamp voltage 


Vcc = WIN l| = -18mA 


-1.2 


V 


"IL 


Low-lev6l input current 


MAX V, = 0.5V 


Any S input 


-2 


mA 


Cn 


... , ..ufl. 


All others 


-6 


'IH 


l-ligti-l««i^l| Inptit current 


Vcc = MAX V| = 2.7V 


Any S input 


SO 


JA 


Cn 




All others 


200 


ll 


Ma^injiinynput current 


Vcc = ^'^^ V| = 5.5V •■ ., 


1 


mA ^ 


Vol 


Low-fe\iei'9u|{>ut voi_^e — 


Vcc = "^IN V|H = 2V 

V|L = 0.8V Iql :. 


0.5 


V 


Vqh 


High-level output voltage 


Vcc = M'N V|H = 2V 


SN54S381 


2.4 13.4 


V 


V|L = 0:m 'oh = -1mA 


SN74S381 


2.7 3.4 


'os 


Output short-circuit current* 


Vcc = MAX 


-40 -100 


mA 


^■cc' 


■ Supply 'currerif 


Vcc = MAX 


105 160 


mA 



* Not more than one output should be shorted at a time. 

Switching Characteristics vcc = s v, ta ^ 25°c 



SYIWBOL 


PARAIVIETER 


FROM 


TO 




■^745381 

IVIAX 


UNIT 


'P 


Propagation delay time 


Cn 


Any F 


10 


17 


ns 


Ip 


Propagation delay time 


Any A or B 


G 


12 


20 


ns 


tp 


Propagation delay time 


Any A or B 


P 


11 


18 


ns 


*PLH 


Propagation detay, iow^to4iigh • • - - ~ 


Ai or Bi 


Fi 


18 27 


ns 


'PHL 


Propagation delay, high-to-lbw 

'c- ■ ' '"'-J ■'. : ^ — 1 




16 


25 


ns 


'P 


Propagation delay time 


Any S 


Fi. G, P 


18 


30 


ns 
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SN54S381 SN74S381 



Test Load 



r 



>28on 

H<h-' 



FROM OUTPUT, 





X-jfuggpu fejrj=t y>''jc a Bn'N ^' it v 
fkfl nfflP<»t; Slabs' •«-•> ?■ s wt' 



«0(t; mil 

•■. .. nr.. 



..... I 



1»4NT MUl (USING 74S381) 

74S381 



M. M M M 




MMIMUM DELAY OF ADDITION/SUBTRACTION. 





74S381 




1 <i : V 


1-4 bits 


27ns 


,.■ - ^ r < ■ ; V 




S-16bits 


44ns 






17-64 bits 


64ns 















J J • X I « 



: 'kill.' (WO a "/•■x'?; 



r -t 



Look-Ahead Carry Generators 

SH54S182 SN74S1822 



Description 

The SN54S182, and SN74S182 are high-speed, look-ahead carry 
generators capable of anticipating a carry across four binary 
adders or group of adders. They are cascadable to perform full 
look-ahead across n-bit adders. Carry, generate-carry, and 
propagate-carry functions are provided £k enumerated in the pin 
designation table below. 

When used In conjunction with 74S381, 67S581, 74S181, 2901, 
6701 arithmetic logic units (ALU), ttiese generators provid^ high- 
s|3eed carry lookahead capability for any word length. Each 'SI 82 
generates the look-ahead (anticipated cany) across a group of 
four ALU's and, in addition, other carry look-ahead circuits may 
be employed to anticipate carry across sections of four look- 
ahead packages up to n-bits. 

The carry functions (inputs, outputs, generate, and propagate) of 
the look-ahead generators are implemented in the compatible 
forms for direct connection to the ALU. Logic equations for the 
'S182 are: 



Ordering information 



Cn+x ■ 
Cn+y ■■ 
Cn+z = 

G = G3 + P3 G2 + P3 P2 G1 + P3 P2 PI GO 
P = P3 P2 P1 PO 



: GO + PO Cn 
-■ G1 +P1 GO + PI PO Cn 
G2 + P2 G1 + P2 PI GO + P2 PI PO Cn 



Cn+x ■■ 
Cn+y ■■ 
Cn+z = 
Y = 
X = 



YO (XO + Cn) 



Y1 [XI + YO (XO + Cn)] 

Y2 (X2 + Y1 [XI + YO (XO + Cn)]} 

Y3 (X3 + Y2) (X3 + X2 + Y1) (X3 + X2 + XI + YO) 

X3 + X2 + X1 + XO 



Pin Configuration 





1 




pi\T 




p, p. 




15] P2 


Go[T 




Go Gj 




mJgz 


PO^ 




Po <=n 






53 [T 




G3 C„t, 






P3[T 




P3 Cn+y 














ToJg 


gnd|T 


1 





PART NUMBER 


PACKAGE 


TEMPERATURE 


SN54S182 


J16,F16 


Military 


SN74S182 


J16 


Commercial 



Summarizing Tabies 



FUNCTION TABLE 
FOR CA*y OUTPUT 



FUNCTION TABLE 
FORPOUTPUT 



FUNCTION TABLE 
FOR Cn», OUTPUT 



IWUTS 


OUTPUT 
Cn+y 


01 oafi pb Cn 


L X X X X 


H 


X L L X X 


H 


X X L L H 


H 


' All oDier 
comUnalions 


L 



INPUTS 


OUTPUT 
P 


P3 P2 PI Pb 


L L L L 


L 


All other 




comblnatjons 


H 



INPUTS 


OUTPUT 
Cn+I 


GO PO Cn 


L X X 


H 


X L H 


H 


All olher 

comblnattons 


L 



FUNCTION TABLE FOR G OUTPUT 



FUNCTION TABLE FOR Cr+z OUTPUT 



INPUTS 


OUTPUT 




INPUTS 


OUTPUT 


G3 G2 G1 GO P3 P2 


P1 


G 




G2 G1 So P2 P1 PO Sn 


Cr+z 


L X X X X X 


X 


L 




L X X X X X X 


H 


X L X X L X 


X 


L 




X L X L X X X 


H 


X X L X L L 


X 


L 




X X L L L X X 


H 


X X X L L L 


L 


L 




X X X L L L H 


H 


All other 




H 




All other 


L 


combinations 






combinations 





H = High Level, L = Low Level, X = Irrelevant. Any inputs not 
shown in a given table are irrelevant witii respect to that output. 
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SNS4S182 SN74S182 



Absolute Maximum Ratings ««h»llie?3Mi : - 

Supply Voltage, Vcc 7V 

Input Voltage 5.5V 

Storage Temperature Range -65°C to +150°C 



Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MiN NOM iMAX 


COMMERCIAL 
MIN NOM MAX 


UNIT 


Vcc 


Supply voltage 


4.5 5 5.5 


4.75 - 5 5.25 


V 


Ta 


Operating free-air temperature 


-55 _ m 


70 


"C 


Electrical Characteristics Over operating conditions 






SYiMBOL 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


V|L 


Low-level Input voltage 




0.8 


V 


V|H 


High-level input voltage 




2 


V 


V|C 


Input clamp voltage 


Vcc = "^'^ 'l = -18mA 


-1.2 


V 


'iL 


lj3w-level input current 


Vcc = V| = 0.5V 


C^ input 


-2 


mA 


P3 input 




Pg input 


-6 


Pq, Pi ,orG3 input 


-8 


Go orGg 


-14 


G) input 


-16 


l|H 


High-level input current 


Vcc = MAX V| = 2.7V 


Cn input 


50 


mA 


P3 input 


100 


P2 input 


150 


Pq, Pi , orG3 input 


200 


Gg or G2 


350 


G] input 


400 


ll 


Maximum input current 


Vcc = V| = 5.5V 


1 


mA 


Vol 


Low-level output voltage 


Vcc = MIN V|H = 2V. 
V|L = 0.8V Iqh = -1mA 


0.5 


V 


VOH 


High-level output voltage 


Vcc = ^""^ ^IH = 2V 


SN74S182 


2.7 3,4 




V|L = 0.8V Iql = 20mA 


SN54S182 


2. ,5 , ' 


Iqs 


Output short-circuit current * 


Vcc = MAX 


-40 -100 


mA 


'CCL 


Supply cunerrt, all outputs low 


Vcc = MAX See Note 1 


SN74S182 


69 109 


mA 




SI>J54S182 


69 99 


'CCH 


Supply GUFnent, all outputs high 


Vqc = 6V See Note 2 


35 


mA 



* Not more than one output sttould be stiorted at a time and duration of the short-circuit test should not exited oMseeend. 
NOTES: 1. ICCL is measured with all outputs open; inputs GO, St, and G2 at 4.5 V: and aH ottlcrineu&aMnded. 
2. ICCH is measured with all outputs open, inpute P3 and 53 at4.5 V, and «l oaterSipmis greanded. 



SN54SI82 SN74S182 



Swrltehing Characteristics vcc = s v, ta = 25°c v . ^•'^ 



SYMBOL 


PARAMETER 


FROM 

/IKIDI IT\ 


TO 

(UU 1 KU 1 ) 


TYP 


MAX 


UNIT 


tPLH 


Propagation delay, low-to-high 


GO. G1, G2. G3.. 


Cn+x, Cn+y. 


A C 


7 


ns 


tPHL 


Propagation delay, high-to-low 


PO, P1, F2, orK3 




4.0 


7 


ns 


tPLH 


Propagation delay, low-to-high 


GO. G1 . G2. G3. 




5 


7.5 


ns 


tpHL 


Propagation delay, high-to-low 


PI. P2. or P3 




7 


10.5 


ns 


tPLH 


Propagation delay, low-to-high 


PO. PI, P2, orP3 


P 


4.5 


6.5 


ns 


tPHL 


Propagation delay, high-to-low 






6.5 


10 


ns 


tPLH 


Propagation delay, low-to-high 


Cn " 


Cn+x, Cn+y. 


6.5 


10 


ns 


tPHL 


Propagation delay, high-to-low 


or Cn+z 


7 


10.5 


ns 








- » ■ *. >■ 


' ■ J 
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Sine (0° to 90°) Look Up Table 
Using a 1024 X 10 ROM (5/6255 5/6256) 

5/6086 5/6087 



Features/ Benefits 

• mput angle Incraments of 90°/1024 = .0879° 

• 10 bit binary outputs 

• Low power dissipation, lypically 500 mw 

• Fast access time 100 ns max. 

• TTL compatible 



Description 

The 525S/6255, 1024 words by 10 bits Read Only Memory has 
been customized to make a sine 6 took up table (5086/6086) for 
0^ <9< 90°. The address inputs are used to divide the first 90° 
quadrant into angles Increments of 90°/1024 words or .0879°/ 
word. The memory outputs should be interpreted as binary 
waigMert fraeyoiw where output 1 has a weight of 1/2 or .500, 

Example 1: 

Find the sine 45° 
Let X = the ROM word w^isre sine 46° is stored 

X _ 45° 
1024 words 90° 
X = word 512 

Word 511 has the following stored data and Interpretation: 
Output # Oi 02 O3 O4 O5 06 O7 08 O9 O10 
Stored Data HLHHLHLHL L (H = TTL. HI©H) 

Binary Weight JLJLJLJLXX^_LJ !_ 

^ ^ 2 4 8 16 32 64 128 256 512 1024 

Adding the tractions wherever an "H" appears given. 

— + - + - + — + — — = .50000 + .12500 + .06250 + .OiSSZ + .00391 *= .70507 
2 8 16 64 256 

Handbook \&lue = .70711 

Our Error = .70711 - .70703 = .00008 

Example 2: 

Find the sine 210° 

T1iisvalueisinqutKtWtttii«ia.Wi » 8iM«i,y s21Q^^ 180°or30° 

Let X = the ROM word trtWTB sine 30° is stored ^ =^ 

1024 words 90° 

X = word 341.33 (round off to word 341) 

Word 341 has the following stored data and interpretation: 

Output # O1 O2 O3 O4 O5 06 O7 08 O9 O10 
Stored Data LHHHHHHHH H 

Binary Weight J-JLJLJL_LXXAJ^ 
' ^ 2 4 8 16 32 64 128 256 512 1024 

Adding the fractions wherever an "H" appears gives 0.49902 

The sine 210°, therefore, = -.49902 with the sign generated by 
external logic. Note that the address 341 to which we rounded 
off is aelually the sine 2»ST°. 



MonoUiMGlSTSJl 
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Ordering Information 



mRT NUMBER 


PACKAGE 


TEMPERATURE 


5086/87 


m 


Military 


eaeem 


J24 


Commercial 



output 2 has a weight of 1/4 or SSO, and so on until output 10 
which has a weight of 1/1024 or .OOO^Bi The 10 bit output code 
has not been reUndad tM so that output error will always be 
positive and liiis fnin 1/1024 or .0008765. Round off error, in 
aRpiQKtaifilng ttw ROM input weid 

to ^M oiltpJterror. Psr^eeMcal charadterlsticsand pin out refer 
to 62S5 specifications (in ROM section). 
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Multiplier/Divider Selection Guide 



The following selectlofi guides are designed to simplify tfie choice of the particular function to fit the specific ap|3li@ilii0a 



Co-Processor Multiplier/Divider with Accumulator 



DESCRIPTION 


PART NUMBER 


MAX MULTIPLICATION TIME/ 
MAX DIVISION TIME 


PINS 


8 Bits 


74S508 
54S508 


.8 MS/2.2 liS 


24 



^rsy Multipliers 


DESCRIPTION 


PART NUMBER 


MAX DELAY 


PINS 




67558-1 


125 ns 


40 


8x8 Multiplier 


57558-1 


135 ns 


40 


67558 


150 ns 


40 




57558 


155 ns 


40 



8x8 Multiplier/Diyider 

SN54/74S508 ^ J 



Features/Benefits 

4^.proees8or for enhancing the arithmetic speed of all 
present 8-bit microprocessors 

• Bus-oriented organization 



• 8/8 or 16/8 division In less than 2.2 ^sec 

• SliS multlpiicatlon In less than .8 usee 

• 28 different multiplication Instructions siieii m '^BeOoiiai 
multiply and accumulate" 

• 13 different divide Instructions 

• Self-contained and microprogrammable 



Description 

the SN54/74S508 ('S5D8) is a bu^trojiijanized 8x8 Multiplier/ 
Divider. The device provides both rn'uittpllcation and division of 
^Hcsn^ment &-bit numbers at high speed. Ther^ are 28 
#fe^«it muitipiy options, including: positive and negative 
multipiy, positive and negative accumulation, multipiicatiOR isy a 
constant, and both single-length and doubie-length addition in 
conjunction with muitipllcation. 13 dlfferer&(leric^jjp4qg4<elMB 
single-length or doubie-iength division, division of a previousiy- 
^t^ialM] remiti divi^on by a constant, and^continued'XUvisiorr 
*^1iieiM(i«*r' or quotient; 

The '^§08 is a time-sequenced device requiring a single clocl<. it 
loads operands from, and presents results to, a bidirectional 8- 
bit bus. Loading of the operands, reading of the results, and 
^ijeritisJ control of the device is performed b,^s,3rbjt jristrugi 

The 'S508 has the additional feature that operands and results 
can be either integers or fractions: when it deals with fractions, 
automatic scaling occurs. Results can be rounded if required, 
and an Overflow output indicates whenever a result is outside 
the normally-accepted number range. 

For a simple multiplication of two operands and reading of the 
doubie-length result, the device tal<es five clocl< periods — one 
for initialization, and four for the actual multiplication. A typical 
cioci< period is 125 ns, which gives a multiplication time of 500 
ns typical for 8x8 multiplication, plus 125 ns additionally for 
initialization, or 625 ns in all. More complex multiplications will 
take additional clocl< periods for loading the additional oper-; 
ai?ds. A simple division operation requires 8 + 4 = 12 clock 
periods for a typical tim^.of 1.5 its (:^6 bits/8 bits), also plus 
125 ns for initialization. 



Ordering Information 



r ■ I >: 



PAMT NUIMBER 


PACKAGE. 


'TCMPERATURE 


SN54SS08 


TD24 Y 


Military 


^§N3^508 


TD24 i' • 


iCfifM^fal 




STATE COUNTER 



/ I DATA BUS K 



E 


OE 


s-r 


Vpc 


E 


E 








M 


E 






GO 


22] c 


E 


'2 




OVR 


13 


E 


NC 


SN54/74S508 


B7 


20] 




'BONE 1 - 


"8 




E 


MR 




B5 


ID 


E 


A' 




B4 


ni 


E 


B 


STATE 


B3 




E 


C 




82 


IE 


E 


D, 








E 


GND 


«o 





MonoHthiG 




SN54/74S508 



AHl I nMC 1 wrcnM I l u w J 












XI ■ Y 


5 








1 


-XI • Y 


5 








2 


XI • Y + K^, 


5 








3 


-X1 • Y + K^ , 


5 








4 




13 






5/6 





X ■ Y 


6 






5/6 


1 


-X • Y 


6 






5/6 


2 


X • Y + K^, 


6 






5/6 


3 


-X • Y + K^, Ky, 


6 






5/6 


4 




14 






5/6 


5 


K^/X 


14 


5/6 




6 





X" Y Z- 


7 


0/D 




D 


-1 
1 


Y * Y 4- 7 


J 


5/6 




6 


2 


X- Y + Kz -2 '° 


7 


5/6 




6 


3 


-X-Y + K2'2^^ 


7 


5/6 




6 


4 




15 . 












5/6 




6 


5 


Z/X 


15 


5/6 


6 


6 





X • Y + Z, W 


8 


6/6 


6 


6 


1^ 


-X • Y + Z, W 


8 


5/6 


6 


6 


2 


+ Wsign 


8 


5/6 


6 


6 


3 




8 


5/6 


6 


6 


4 


W/X 


16 


5/6 


6 


6 


5 


Wsign/X 


16 


5/6 


6 


6 


6 


Load X, Load Z, Load W, Load Y 


4 


5/6 


6 


6 


7 


Load X, Load Z, Load W, Read Z 


3 


READING OPERATIONS 








7 


Read Z 


1 






7 


7 


Read Z, W 


2 




7 


7 


7 


Read Z, W, Z 


1 


7 


7 


7 


7 


Read Z, W, Z, W 


4 






5 


7 


Round, then Read Z 


2 




5 


7 


7 


Round, then Read Z, W - 


3 



Figure 1 'S508 Instruction Set (Partial List) 

NOTES: 

1. X.Y are input multiplier and multiplicand 

2. XI is the previous contents of the first rank of the X register, (eithertheold X 
or a new X). 

3. Fractional or integer arithmetic is specified by having the next-to-the-last 
operand loaded using a 5 or 6 instruction respectively. All rows beginning 
with 5/6 in effect represent two instructions. 5 does fractional arithnietic 
and 6 does integer arithmetic. 

4. Z. W is a double-precision number. Z is the most significant ha(f,Z, W 
represents addend upon input, and product (or accumulated sum) crfter 

multiplication. 

5. K2, Kw represents previous accumulator contfents. Kz is the most-signifi- 
cant half. 

6. Wgjgn is a single-length signed number, with sign extension. 

7. Maximum clocl< cycle = 125 ns for an 8-MHz ctQCk. 

8 If n instruction codes are shown at the left under "instruction sequenon." 
the number of clocif cyclw at the right is n-4-4 for muttiplicBtion and n+12 

for division. 

9. By presenting code 7 on the instruction tines at least one clock cycle 
t>efore the last clocit pulse of the operation cycles, the result (register Z) 
is available on the bus one clock earjjer (see Figure 9). 



I0-I2 


— Instruction (Sequential miiiiui) iiipui 


A, B, C, D 


Instruction (sequential control) inputs 


CK 


Clock pulse input 


GO 


Chip activation input 


OE 


Output enable input 


MR 


toaster reset input 


OVR 


Arithmetic overflow output 


DONE 


Arithmetic-operation completion output 



Description (continued) 

The 'S508 device uses standard low-power Schottky technology, 
requires a single +5V power supply, and is fully TTL compatible. 
Bus inputs require at most 250 mA input current, and control and 
clock inputs require at most 1 mA input current. Bus outputs are 
three-state, and are capable of sinking 8 mA at the low logic 
level. The 'S508 is available in both commercial-temperature 
and military-temperature ranges, in a 24-pin dual-in-line 
ceramic package. 



Device Operation 

The 'S508 contains four 8-bit working registers. Y is the 
multiplier register; X is the multiplicand and divisor register; W is 
the least-significant half of a double-length accumulator, and 
holds the least-significant half of the product after a multipli- 
cation operation, or the remainder after a division operation; and 
Z is the most-significant half of this same accumulator. In 
addition to these registers, there is a high-speed arithmetic unit 
which performs addition, subtraction, and shifting steps in order 
to accomplish the various arithmetic operations; a loading 
sequencer; and a PLA control network. 



Operands are loaded Into the working registers in time sequence 
at each clock period, under the control of this sequencer. The 
chip-activation signal GO must be LOW in order to begin the 
loading process and continue to the next step in the loading 
operation. If GO is continually held HIGH, the 'S508 remains in 
a wait state with its outputs held in their high-impedance states, 
so that the other devices attached to the bus may drive it. In 
this condition, the 'S508 does not respond to any codes on its 
instruction inputs; In effect, it does not "wake up" until GO goes 
LOW. Also, GO may change only when the clock input CK is 
HIGH. After all of the operands are loaded, the 'S508 jumps to 
the multiply routine, or to the divide routine, and performs the 
required operations as indicated in Figure 1. After 5 clock 
periods for a simple multiply or 13 clock periods for a simple 
.divide, for example, the device is ready to.place the t 
bus in time sequence. 



" — 
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*Loop 3 times for multiplication. _ 
4!!|iLoop 6 times for fractional division,,) 
or 7 times for integer diyjs^dil? ! 





INSTRUCTION 
CODE 


STARTING STATE 


NEXT STATE 




0, 1, 2. 3 


0, 8, 10 


4 




4 


0, 8, 10 


5 


A ' : 


5 





1 




5, 7 


8, 10 





6 


0, 8, 10 


1 




I'(K) 1 


0, 8, 10 




















f\9m[2 rTfiMmMi DiagiMA lor the 'S508 MUHptec^Mder 



KEY: 

The numbers inside the circles indicate the state of the 'S508 
multiplier/divider. These states are represented by a four-bit 
state counter, where A is the least-significant bit of this state 
counter and D is the most-significant bit. These four bits are 
available externally on the 'S508. 

The next state of the 'S508 is a function of the present state and 
the instruction lines. For example if the 'S508 is at state and the 
instruction is 0. 1 , 2, or 3, then the next state is state 4 (multiply 
instruction): if the instruction is 4, the next state is state 5 (divide 
instruction); and so forth. The instructions which take the 'S508 



from one state to another are indicated by the numbers written 
next to the state-transition path lines. "0123." for instance, i 
implies that any of instructions 0, 1, 2, or 3 will take the '3508 
along the path marked "0123." ' 
"X" next to a path implies that the path will be followed 
regardless of the value of the instruction inputs at that time. In 
other words, for the purpose of state transitions, X means "don't 
care." There are cases, however, where the particular instruction 
used may affect when the contents of the registers are available 
on the bus — see Figures 9 and lO^flSt' corrtrasting examples of 
how this effect operates. 



Three instruction inputs Iq, |.|, I2. which may change only 
when the clock input CK is HIGH, select the required function 
and drive the sequencer from state to state. Thus, the action of 
the multiplier/divider at any clock period is a function of the 
machine state and the state of the control inputs. Figure 2 shows 
the multiply/divide state table, and all possible operations. After 
a Read or Round operation, the machine is driven back to state 
0, and a new sequence of arithmetic operations is assumed. If a 
chain operation is being performed, such as accumulation of 
products, state is bypassed, and loading of an operand or 
jumping to the next arithmetic operation occurs at the end of the 



previous anthjmietic q^pfy^tioq,— at state 8 for a multiplication 
instruction, of ai^itA 10 far'a''idMsioN instruction. 

Register X is a dual-rank register, which allows the loading of an 
operand X during the multiplication or division process. If the 
machine enters the loading sequence and a new X operand has 
not been loaded, then the machine proceeds with the previously- 
loaded X, denoted in this text as "XI." This loading-while- 
processing capability allows a cycle to be saved during 
"chained" calculations, and also allows multiplication and divi- 
sion by a constant. (See Figure 13). (continued next page) 



SNS4/74S508 



Figures 3 and 4 show the codes and durations for the 41 
different possible arithmetic operations. These operations can 
be concatenated in strings to perform complicated 2s-com- 



plement arithmetic operations at high-speed. Rounding arnl 
reading of results can be perfomied after any operation. 
Figure 5 Is a bleSk M^m of the 'S508 8x8 Multiplier/Dliisr. 

(continued page afte^.n^ 



TIME-SLOT 



OPERATltPI 




1 


2 


3 


4 


5 


6 1 7 1 8 


XI • Y 


INS CODE 
BUS 



Y 


MULTIPLY 




-XI • Y 


INS CODE 
BUS 


1 
Y 


MULTIPLY 


XI • Y + K^, Kyv 


(NS CODE 

BUS 


2 

Y 


MULTIPLY 


-XI -Y+Kz/Kyv 


INS CODE 
'BUS 


3 
Y 


MUtTIPI!,Y^ 






X • Y 


INS CODE 
BUS 


5/6 
X Y 


MULTIPLY 




-X ■ Y „ ■ . 


BUS 


5/6 1 
X Y 


MULTIPLY 


X-Y + Kz.Kw.. ' 


INS CODE 

BUS 


5/6 2 
X Y 


MULTIPLY 


-X-Y + Kz, 1^ 


IMC oonP 
BUS 


5/6 3 
X Y 


MULTIPLY 






-X-V + Z - i- 


ilYw L-/ L_ 

BUS 


5/6 6 
X Z Y 


MULTIPLY 




-X • Y + Z ^. 


IMC CODE 
BUS-" 


5/6 6 1 
X Z Y 


MULTIPLY 


X-Y + Kz -r^ 


INS CODE 

BUS 


5/6 6 2 

X — Y 


MULTIPLY 


-X-Y + Kz -2-7 


INS CODE 
BUS 


5/6 6 3 
X — Y 


MULTIPLY 


X • Y + Z, W 


INS CODE 
BUS 


5/6 6 6 
X Z W Y 


MULTIPLY 


-X • Y + Z, W 


INS CODE 
BUS 


5/6 6 6 1 

X Z W Y 


MULTIPLY 




INS CODE 
BUS 


5/6 6 6 2 
X — W Y 


MULTIPLY 


• Y + Wsign 


INS CODE 
BUS 


5/6 6 6 3 
X — W Y 


MULTIPLY 



Figure 3 Multiplication Codes and Times for 8x8 Multiplication In the *S508 

'■'" ";■.> t ■ ■ 

NOTES: 1) X1 is the previous contents of the first rank of the X register (either old X or a new X). 

2) -2"^ is a single-length signed number comprising the most-significant half of the previous double-length product and 
here gets added in at the least-significant end of the new result. 

3) Wgjg^ is a single-length signed number, with sign-extension as needed. 

4) Fractional or integer arithmetic is specified by having the next-to-the-last operand loaded using a 5 or 6 instruction' 
respectlVfely. All rows beginning with "5/6" In effect represent fwo Insfructions. 5 does fractional anthmetlc and 6 does 
integer anthmetic. 
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TIME-SLOT 



OPERATION 




1 


2 


3 


4 


5 6 7 8 9 10 11 12 


13 


14 


15 


16 


K^, Ky/y/Xi 


INS CODE 
BUS 


4 


DIVIDE 


1 








INS CODE 
BUS 


5/6 
X 


4 


DIVIDE 


1 




Kz/X 


INS CODE 
BUS 


5/6 
X 


5 


DIVIDE 


1 






z, w/x 


INS CODE 
BUS 


5/6 
X 


6 

Z 


4 

W 


DIVIDE 


1 




z/x 


INS CODE 
BUS 


5/6 
X 


6 
2 


5 


DIVIDE 


1 


vtf/x 


INS CODE 
BUS 


5/6 
X 


6 


6 
W 


4 


DIVIDE 


1 


Ai-tV '.ir ii 


INS CODE 
BUS 


5/6 
X 


6 



6 

,.vy 


5 


DIVIDE 


1 



■(-' 

-''I 
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! iline for 16/8 Division In 'S508 



NOTES: 1) XI is the previous contents of thie first ranl< of ttie X register (either oid X or a new X). 

2) Fractional division divides a 31 -bit 2s-compiement number in 1 ciocl< period less than integer division. 

3) Wgjgp is a single-length signed number, with sign-extension as needed, 

4) Division operation W , /X requires that the Z register be initialized with all-zero contents at the time 2 is loaded. 



"sign" 

5) Fractional or Integer arithmetic is specified by having the next-to-the-last operand loaded using a 5 or 6 instruction respectively. Ail rows 
beginning with "5/6" in effect represent two instructions, one of which does fractional arithmetic and one of which does integer arithmetic. 
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Multiplication 

The 'S508 provides 2s-complement 8-bit multiplication; and can 
also accumulate previously-generated double-length products. 
No time penalty is incurred for accumulation, since the 
maclnine accumulates wtiile the multiplication operation Is 
proceeding. In addition to accumulation, the device can add 
into a product either a single-length or a double-length number. 
It can also use a previously-loaded operand as a constant, so 
that constant multiplication and accumulation is possible. 

One key feature is the ability to perform both positive multi- 
plications and negative multiplications, again without any speed 
penalty. This feature allows complex-arithmetic multiplications 
to be programmed with very little overhead. Another important 
feature Is the ability to work with either fractions or integers. 



Division 

The 'S508 also provides a range of division operations A 
double-length number in Z,W is divided by X; the result Q is 
stored in Z, and the remainder R in W. Again all numbers are in 
the 2s-complement number representation, with the most 
significant bit of an operand (whether single-length or double- 
length) having a negative weight. In order to facilitate repeated 
division, with the multiple-length quotient always keeping the 
same sign, ttie remainder is always the same sign as the dividend. 
Fractional or integer operation Is possible, and diwsion and 
muitiplicatiion operations Can be concatenated. Fdl' example, 
the operations (AxB)/C,(A+ B)/C can easily be performed. The 
dividend can be any previously-generated r^ult — product, 
quotient, or remainder; or it may.tiaa.double'tength or single^. 
length signed operand. 



Reading Results 

The result of an arithmetic operation, or of a string of 
operations, can be read onto the 8-bit bus if tfie machine is at 
the end of an operation or at the start of a riew sequence. The 
read operation requires that the GO signal t)e held LOW- so 
that the information isj^ad out ontq the bidirectional bus, when 
code 7 is specified. (See Figure 6.) Since there is a double- 
length accumulator Z,W, reading can take two cycles. First, 
register Z is read during a division operation. After another 
clock has be^ received, if code 7 is still present, the least- 
significant half of tiie product from tiie W register is placed on 
the bus, or likewise the remainder if a division op^tion had 
been performed. 

If the 'S508 is instructed to perform a read operation during the 
loading sequence, then the sequence is broken and the 
machine is forced back to state ready to start the sequence 
again. Continual read operations at state ^jst swap the 
contents of register Z and W. 

The 'S508 has a direct master reset input MR. Alternatively, 
initialization of the 'S508 can also easily be performed by 
continually presenting instruction code 7, which after a rnaxi- 
mum of 13 clock periods forces tfte machine back to state 0. 



Integer and Fractional Arithmetic 

The 'S508 can work with either fractional or integer number 
representations. When working wHh integers, all numbers are 
scaled from the least-signiticant end and the least-signiticant bit 
is assumed to have a weight of 2^. For integer multiplication, 
accumulation, and division, all numbers are scaled from this 
least-significant weight and results are correct if interpreted in 
this rma}n&r. The double-length nedster Z,W can therefore hoM 
numbers In the range -2''^ to+2''^-1; the operands X and Y, 
and single-length results, are in the range -2' to +2^-1. 

When working with fractions, the machine automatically per- 
forms scaling so that input operands and results have a con- 
sistent format. All numbers in the fractional representation are 
scaled from the most significant end, which has a weight of -2^ 
(negative). The binary point is one place to the right of this most- 
significant bit, so that the next bit has a weight of 2~'^. The 
double-length register Z,W therefore holds numbers in the range 
-1 to +1-2~^^ and the operands X and Y and single-length 
results are in the range -1 to +1-2^. Since automatic scaling 
occurs, the product of two numbers always has the least- 
significant, bit as a 0, ujniess an accumulation is performed with 
t'he leasi-sign'rAcant bit being a 1. 

During a chain operation with the partial' results not being read 
onto the bus, the '8508 will stay in either the fractional or integer 
mode. At the start of a sequence of operations, fractional or 
integer operation is designated by loading operands using 
instruction code 5 or instruction code 6 respectively. 

Mixed fractional and integer arithmetic is also possible, by 
redefining the weight of the least-significant or most-significant 
bits. However, care must be exercised, due to ttie automatic 
soilirig'feEffiire, wh^ fractional arithmetic is prosraniiMKl. 

I Rounding 

Rounding can be performed on the result of a multiplication or 
division. Generally rounding would only be called out during 
fractional operation, but nothing in the '8508 predudis feflMng 

a rounded result during integer arithmetic. 

Rounding for multiplication provides the best single-length 
most-significant half of the product. Rounding occurs at the end 
of a multiplication, and is performed instead of a Load or Read 
operation when a code 5 is specified, instead of a code 7, to 
get from state 8 or state 10 back to state 0. (See Figure 2; also, 
note that this mode of operation precludes "stealing ' a cycle 
according to the method illustrated in Figure 9). The '8508 looks 
at the most-significant bit of the least-significant half of the 
product W7 and adds 1 to the most-significant half of the 
product at the least-significant end if W7 is a 1. After the 
operation, the 'S508 is in state 0, so that the rounded product 
can be read, and the W register is clear. ^ 

Rounding for division is performed by forcing the least- 
significant bit of the quotient in Z to a 1 unless the division is 
exact (remainder is zero). This method of rounding causes a 
slightly higher variance in the result than having an additional 
iterative division operation, but is considerably easier to 
perform. Again, after rounding the 'S508 goes to state 0, so 
that a read operation can be performed, and the W register 
is clear. 
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Overflow 

The '3508 has an overflow output OVR which is cleared prior to 
each operation, and is set during an operation if the product or 
q/ju^mt MBf^yoiiisitie Vne normally-acceptBd range. 

For multiplication, overflow can only occur if the most negative 
number in the operand range is used: (-1)x(-1)=+1, which 
cannot be held in the 'S508's internal registers. Overflow can 
more easily occur during either positive or negative accumula- 
tion of products. For fractional arithmetic, if the product or 



INTERNAL CLOCK 



] MICRO 

^"■instruction 



accumulation goes outside the range of 
overflow flipflop will be set. 



-1 to+l-a-IS, then the 



Overflow may also occur during division if the quotient goes 
outside the generally-accepted number range of -1 to +1-2~^ 
during fractional operation. This would occur if the divisor is 
less than the dividend, or equal to the dividend if a positive 
quotient is being generated. For integer arithmetic the numbers 
must be scaled by 2^. 




Rgure 6 "SSOS Internal Circuitry of "GO" Line and Three- 
State-Enable. 

During the beginning and ending states (0, 8, and 10) if the "GO" 
line ( GO ) is logic HIGH then the machine will be in a wait state 
until GO goes to logic LOW. 
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Figure 7 shows the block diagram of a minimum 8-bit micro- 
processor system with its arithmetic capabilities enhanced by the 
use of a 'S508 8x8 multiplier/divider. The relatively small number 
of instruction lines (only 3) of the 'S508 provides a unique way 
to control the multiplier/divider. As may be seen from Figure?, 
these three instruction lines are assigned to the three least- 
significant bits (LSBs) of the address bus, while the remaining 



Figure 7 Interfacing the "SSOS to an 8-blt Micro 

address bits are decoded by a Programmable Array Logic (PAL®) 



circuit to determine when the multiplier/divider is selected. For 
example, suppose the 'S508 is assigned address 100; then any 
address in the range of 100-107 will enable the 'S508 (i.e., 
the GO line is LOW). Thus, if the address is 100 the 'S508 
instruction is 0; if the address is 106 ttis MMMOn is 
6; and so forth. 
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Absolute Maximum Ratings 

Supply Voltage. Vqq 7V 

Input Voltage 7V 

Off-state output voltage 5.5V 

Storage temperature -65° to +150''G 



Operating Conditions 



SYMBOL 


PARAMETER 


FIGURE 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


Vcc 


Supply voltage 




4.5 


5 5.5 


4.75 


5 


525 


V 


'max 


Clock frequency 


8 


5 8 




i.iriz 


'CWP 


Positive clock pulse width 


8 


90 


45 


70 


45 




ns 


'own 


Negative clock pulse widtti 


8 


60 


35 


50 


35 




ns 


*BS 


Bus set-up time for inputting data 


8 


60 


30 


50 


30 




ns 


'bh 


Bus hold time for inputting data * 


8 


45 


30 


35 


ffi 




ns 


'INSS 


Instruction setup time 


8 


10 


-5 


10 


-5 




ns 


'INSH 


Instruction hold time 


8 


20 


5 


20 


5 




ns 


Ta 


Operating free-air temperature 




-55 


125t 







75 


°C 



souring operations when the bus is being used to in;MJt dafa. 



f Case temperature. 



Electrical Characteristics over Opening conditions 



SYMBOL 


PARAMETER 


TEST CONDmONS 


MIN TYP MAX 


UNIT 


V|L 


Low-level input voltage 




0.8 


V 


V|H 


High-level input voltage 




2 


v 


V|G 


Input clamp voltage 


Vcc = "^IN l| = -18mA , 


-1.5 


V 


l|L 


Low-level Input current 


Vcc = "^AX V| = 0.5V 


Bo-By 


-250 


mA 


All other inputs 


-1 


mA 


l|H 


High-level input current 


Vcc = "^AX V| = 2.4V 


250 


nA 


l| 


l\/laximum input current 


Vcc = I^AX V| = 5.5V 


1 


mA 


Vql 


Low-level output voltage 


Vcc " '^"^ 'OL = 8mA 


0.3 0.5 


V 


Vqh 


High-level output voltage 


Vqc = MIN Iqh = -2mA 


2.4 


V 


Iqs 


Output short-circuit current* 


Vcc = MAX vq = oy. 


-10 -90 


mA 


'cc 


Supply current 


Vcc " "^AX 


SN54S508 


300 400 


mA 


SN74S508 


300 380 



* Not more than one output should be shorted at a lime, and the duration of the short-circuit should not exceed one second. 
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Switching Cliaracteristics 

Over Operating' CondWoM 



n 



SYMBOL 


PARAMETER 


FIGURE 


MILITARY 

ili^jSL MAX 


CpMMERCIAL 
iM« TYP MAX 


UNIT 




Bus output iSeltSf for outputttng data* 


8 


• 70 120 


70 95 


ns 


*PXZ 


Output disable delay 


From I0-I2 to bus 




40 70 


40 65 


ns 


From EN, GO to bus 


20 50 


20 40 


tpzx 


. Output enatde delay . . 


From I0-I2 to bus 




45 90 


45 80 


ns 


From EN, GO to bus 


25 55 


25 45 


tOVR 


Overflow output delay 


8 


70 120 


70 95 


ns 


'dn 


Done output delay / ~ 




\ 30v 90 


30 70 


ns 



* During operations when the bus is being used to output data. 
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TIMING IN itt 0' 10 20 9B « 'io '« |»|m' iM ta^'iifT'^ i) # !» V ie8"iio 125 ^qJO 30 4o 

ON TYPICAL I I I I I 1 1 'I'l-:. r I I ' i f I I 1 T I t T T f I 1 it 1 1 

^ 1/ — ~'- — \ 



CLOCK (CK) 
(•Mi6# SHOWN) 



GO, In-:l2 
(SEE NOTE) 



BUS 

(lMim*« INPUT) 



DONE 



OVERFLOW ' 



BUS 

(USED AS OUTPUT) 



■'INSS- 



MUST BE STABLE _ 
'when CK IS LOW 



-'INSH 



~» DATA 


INPUT 1^ 


* BS 30 ns 


tBH " 30 ns 



*DN 

>ovn 



mmmmm^ 



mm. 



l.lg-Jg can change only when CK is high. 




fc— . x>.-j„ 



Figure 8 Timing, (HiKKSSL¥ 
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Timing 

Timing waveforms are shown in Flgure'8. Specific Instruction 
timing «miBples are shown In Figures 9 through 13. 



Standard Test Load 



OUTPUT O i 1— ©TEST POINT 

1.1kn^ ^30pF 



MR 




INSTRUCTION 



TIME-SLOT 



DONE 



OVERFLOW 



XD(I> 
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ANY CODE # 

I 



Figure 9 Instruction Timing Example #1: Load X, Load Y, Multiply, Read Z, Read W. By presenting code 7 on 
the instruction lines at least one clock cycle before the last dock pulse of the operation cycles, it is possible to 
"steal"one clock cycle and get the result during time-slot* 9 aiifl 7. This proce^rs dotfs ncit affect the path Idcc^ 
through the state diagram of Figure 1. 



NOTES: Register Z is read at the same time that the "done" signal is 
contents of registers Z and W are swapped each cycle. 
# "Any qode" means code through 7. 



set. If the instruction remains at code 7 after time-slot 7, the 

. i 




Rgure 10 Instruction Timing Example #2: R«pieat: "L«ad X, Load Y, Muitlply, Read Z, Read W. 

NOTE: The instruction lines may be changed only when CK Is high. 
r'Any code" means code through code 7. 
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GO 



INSTRUCTION 



OVERFLOW 



EXCEPT CODE 



ii>f'\' 



Figure 11 Instruction Timing Example #3: Load X, Load Y, Multiply , Read Z, Read W. 
This timing diagram corresponds to Table 1. Only after the "Done" signal is set (after 
four clock pulses of the operation cycles), the result Is read — Z during time-slot 7, and W 
during time-slot 8. , „ 

NOTE : 11 code 7 is given (Instead of code through 6). the first data ttiat Is raad from the bus after Ms 
DONE signal Is set (time-slot 7) is W and not Z. However, Z is read at time-slot 8. 
"Any code except 7" means code through code 6. 




Rgure 12 Instruction Timing Example #4: Load X, Load Y, Multiply, Wait, Read Z, Read W. 



NOTE: 

"Any code except 7" means code through code 6. 



1^-13 
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GO 



STATE 



INSTRUCTtON 



OVERFLOW 




XD(I> 



ANY CODE # 



yr]yr"[ y~ any cope# 



Figure 13 Instruction Timing Example #S: .Sum of Products 

NOTES: This sequence of operations is suitable for use wfien reading is to be done only at the very end of the operation sequence. New 
X and Y values are loaded during tlie tiiii» that the previous multiplication is being performed. See Programming Example #3 for 

N I, ir« 'I tiDin di 1. 'Il : ~ 

1 = 1 

#"Any code" means code throtigK «e<te 7. 
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Programming Samples 

In ttie tollowing examples assume that eadi l^iMiifi a s 
irsltlticllon casrresponds to one clock pu^ ;ltj|^p^oiK(apig|# 
are 6,1, 2, 3, 4, 5, 6, 7 and x aecereHng:toitfie < 

in the key to Figure 2. 



Programming Example 1 
CakajiaHnia X • Y (A • B) 
INST 6 
INST 
INST X 
INST X 
INST X 
INST 7 
INST 7 



X - A , 

Y - B " ; „■ 

MULT . , , - 

MULT 
MULT 

MULT and READ Z = 8 MSB OS (A«B)h n v-r ' 
READ W = 8 LSB OF (A-B) 

Programming Example 2 

Calotllsttfig XI ■ Y (A ■ C) 

XI is a previous multiplier value. It was previously 
loaded (in example 1) with A. ^ ..j 

INST Y - C 

INST X MULT • 
INST X MULT 
INST X MULT 

INST 7 MULT and READ Z = 8 MSB OF (A-C) 
INST 7 W = 8 LSB OF (A-C) ; 

i 

ProtfilRHrdilB Example 3 ' 

N ■ ■ ' ■> 

Calculating ^ X| -Yj (A • B + C • D + E • F + . i.J T-.- 

i = 1 ' 
In this case we read only after N multiplications. A new X| + i 
is loaded during the multiplication process for X, Yj . 
Assume N = 3. 

The sequence of instructions and operations for calculating 
3 



N = 1 



Ni t 



READ Z 



i » 1 

INST 6 
INST 
INST X 
INST X 
INST X 
INST 6 



INST 2 
INST X 
INST X 
INST X 
IMP'S 



INST 2 
INST X 
INST X 
INST X 
INST 7 



READ W{ INST 7 



Yj is: (A • B + • D + E • F) 



X - A 

Y - B 
MULT) 

MULt[ Perform A ■ B 
MULT J 

MULT and LOAD X - C 
Z -8 MSB of (A-B) 
W-BLSB of (A-B) 

Y - D 
MULT] 

MULT [ Perform C - D + (K^. K^) 

mult/ 

MULT and LOAD X - E 
Z -8 MSB of (C-D + A-B) 
W-8LSB of (C-D + A-B) 

Y - F 
MULT] 

MULT [ Perform E • F + (K^. K^) 

MULT J 
MULT and 

READ Z = 8 MSB of (E-F + C-D + A-B) 
READ W = 8 LSB of (E-F + C-D + A-B) 



Perform A - B + (Z, W) 



Pregnimming Example 4 

Multiplication plus a constant (A - B + Constant (16 bits)) 

Assunne that the constant isa 16-^it^|^omplement 

number. ,- ' ^ - » '( 

INST 6 X - A 

INST 6 Z - C LOAD 8 MSB of constant 
INST 6 W - D LOAD 8 LSB of constant 
INST Y - B 
INST X MULT] 
INST X MULT 
INST X mult) 
INST 7 MULT and READ Z =8MSB of (A-B +(C, D)) 
INST 7 READ W = 8 LSB of (A-B -^ C. J^. 

PlosmmihiS Example 5 'K*. 

Double-precision multiplteation B) - (C, D)) 

It Is possible, using the'7?S508, td multiply two numbers having 

up to 14 significant bits each. 

Let SI be the sign bit of the multiplier; 

A be the 7 most-signifi(»nt bi^ drp» tmultlplier; 
and 

B be the 7 least-significant bits of the multiplier. 

51 must be duplicated into the sign bit which goes with the 7 
least significant bits, since the 7 most-significant bits and the 7 
least^ignificfot bits are used indepefic|§nt|y fs-tvieo 2s^mple- 
rtififft •ftiittilwBi ^ 

Likewise let S2!& tie sign bit of the muttipticand; 

C be tfie 7 most-significant bMs of the multiplicand; 
and 

D be the 7 least-significant bits of the multiplicand. 

52 must be duplicated into the sign bit of the least-significant 
half in this case also, just as S1 was. The final result consists of a 
sign bit, plus 28 significant numeric bits, plus three "empty" bit 
positions. Such double-precision multiplication is common in 
floating-point operations. The following exampts will fllustrate: 



CD 



S1 




si 


« 1 


1 


7 


1 


7 


S2 


c 


S2 


° 1 


1 


7 


1 


7 



FINAL 
RESULT 













s. 1 


AD 






S5 1 


BC 




1 1 


AC 


I S3 1 


B'D 1 


1 1 


3 












1 1 
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INST 6 X - B 

INST Y - D 

INSTX MULT ] 

INST X MULT [ Perform X-Y 

INST X MULT ) 

INST 6 MULT and LOAD X - D 

Z = 8 MSB of B-D 

W = 8 LSB of B-D 

W = part 1 of final result and can be read now 
INST 6 NO-OP 
INST 2 Y - A 
INSTX MULT \ 

INSTX MULT } Perform X-Y + Kz -2-' 

INSTX MULT ) 

INST 6 MULT smd LOAD X - C 

Z = 8 MSB of (A-D + (B-D) - 2"^) 

W = 8 LSB of (A-D + (B-D) - 2-^) 

When B-D is shifted right 7 places, the sign bit 

S3 Is extended. 

iNST 2 Y - B 

INST X MULT ] 

INSTX MULT I Perform X-Y + (Kz.K,,,) 

INST X MULT ) 

INST 6 MULT and LOAD X - A 

Z = 8 MSB Bt (e-G +'(A-D + (B-D) • 2"^) > 



W = 8 LSB of (B-C + (A-D + (B-D) • 2"' ) ) 
W = part 2 of the final result and can be read now. 



INST 6 NO-OP 
IKtST 2 Y G 
INST X MULT ] 

INSTX MULT } PerfonTiX-Y + Kz-2-7 
INST X MULT j 

INST 7 MULT and READ part 4 of the final result. 
Z = 8 MSB of 

(A-C + (B-G + (A-D + (B-D) - 2-7 ))-2-7) 
INST 7 READ part 3 of the final result. 
W = 8 LSB of 

(A-G + (B-G + (A-D + (B-D) - 2-7))-2-7) 



Programming Example 6 

Dividing a 16-bit number by an 8-blt number ((B, C)/A) 
INST 6 X -A 

INST 6 Z - B 51' M j : lJ 

INST 4 W-C 

INST X ' 

INST X 

INST X 

INST X 

INST X 

INSTX \ Perform Division ^) 

INST X . X . . ...Ml 

INST X 

INST X -itf»'» 
INST X 

INST X f (B, C) 

INST 7 DIVIDE and READ the quotient Z = ^ 

(B, C) 

INST 7 READ the remainder W of . 



8 X 8 Multiplier 

57/67558 57/67558-1 



U.S.P&tent 415^38 



Pfatures/ Benefits 

• Industry Standard 

• Easy to Use; Combinatorial 

• Unsigned, Signed, or Mixed Multlpllea^l»- 

• Rounding Inputs for Signed or Unsigned 

• Three-State Outputs for Bus Operatton 
High Speed — 125 ns Max 




The 57558/67558 is a high speed 8x8 combinatorial Multi- 
plier which can multiply two eight-bit unsigned or signed 2s 
complement numbers and generate the sixteen-bit unsigned or 
signed product. Each input operand X and Y has an associated 
Mode control line, and Ym respectively. When a Mode 
control line is at a Low logic level the operand is treated as an 
unsigned ei^M^bi number while if the Mode control is at a High 
logic level the c|&r^d is treated as an eight-bit signed 2S 
complement number. 1wo additional inputs Rs and Ry allow 
the addition of a bit In the multiplier array at the appropriate bit 
positions for rounding signed or unsigned fwltal niMbiBifi 
The most significant product bit is avalla&te in btfth "Wm sni 
Complement form to assist in expansion to larger signed 
multipliers. The product outputs are three-state, controlled by an 
active Low Output Enable which allows several Multipliers to be 
connected to a parallel bus or be used in a pipelined system. 
TlMdssete Mp! a single +5y.pqw«yMWS' tfiltiPiS^Win 
Tipin DIR . . ., 




Logic Symbol 




,1 ■ ■ ;o«i;v 



Ordorlni Informatjoit 



PART NUMBER 


PACKAGE 


TEMPERATURE 


57558, 57558-1 


J40, F42 


Military 




d40, F42 


>' eomperGial 



E 


xo 


xm 


40| 


E 


Xl 


So 


i 


E 


X2 


% 


1 


E 


X3 


% 


a 


E 


X4 


S3 


3e] 


E 


X6 


S4 


1 


E 


xe 




El 


E 


X7 


Se 


33] 


E 


Rs 


67^8 


i 


E 


vcc 


- ? ^' 


E 


E 


Ru 


' GNO 




E 


YO 


Sg 


is] 


E 


^1 


Sto 




E 


Y2 


Sl1 


E 


E 


V3 


Sl2 


E 


E 


Y4 


Sl3 


E 


E 


Y5 


Si4 


E 


E 


V6 


Si5 


23J 


E 


Yy 




22] 


[zo 


ym 




E 



Monolithic ISIS?] 
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SYMBOL 


PARAMETER 


DEVICE 


TYP MAX 


UNIT 


*PXZ 


Delay from OE to S High Impedance State 


67558 
57558 
67558-1 
57558-1 


30 40 
30 50 
30 40 
30 50 


ns 


'pzx 


Delay from Opto S-Active State ■; 


67558 
57558 
67558-1 
57558-1 


30 40 

30 . . 50 
30 .^v, • 40 
30 SO 


ns 


'PDI 


Delay from Y, X to Sq^ 


67558 

57558 

67558-1 

57558-1 


80 135 
80 140 
80 , , 115 
80 125 


ns 


tpD2 


Delay from Y, X to S5.15, S15 


67558 
57558 
67558-1 
57558-1 


100 ^ 150 
100 , 155 
100 125 
100 135 


ns 



Standard Test Load 



■ l.lkll 

J 



-@ TEST POINT 



30pF 



i; 



Functional Description 



The 57558/67558 Multiplier is an 8 x 8 combinatorial logic array 
capable of multiplying numbers in unsigned, signed 2s com- 
plement, or mixed notation. Each eight-bit input operand X 
and Y has associated with it a mode contiolfwhich determines 
whether the array freats the number as sigried or unsigned. If 
the mode control is at a High Logic level then the operand is 
treated as a 2s cornplement number with the most significant bit 
having a negative weight, while if the rnodie control is at a Low 
Logic level then the operand is treated as an unsigned number. 

The multiplier provides all 16 product bits generated by the 
multiplication. For expansion during signed or mixed multi- 
plication the most significant product't)it Mas Xscth true'and 
complement available., J!:Ns.jiMows an adder to be used as a 



Timing Waveform 




subtrador in many applications and eliminatss the need for. SSI 
circuits. ' 

Two inputs, Rs and Ru, are additioniri inputs to the array which 
allow the addition of a bit at the appropriate positions in the array 
so as to provide rounding to the best signed or unsigned 
fractional eight-bit result These inputs can also be MSSKi ter 
rounding in larger multipliers. ** 

The product outputs of the multiplier are controlled by an active 
Low Output Enable control. When this control is at a Low Logic 
level the multiplier outputs are active, while if the control is at 
a IHigh Logic level then the outputs are placed in a high- 
impedance state. This three-state capability allows multipliers 
10 be ptaeed on a common t>us and atso^aHows pipelining 
of multipfications for higher speed systems. 
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C3ff-state output voltage o 

Storage temperature -65°to+l50°C 



Operating Conditions 



SYMBOL 


PARAMETER 


MILltARy 
MIN NOM MAX 


COMMERCIAL 
MIN NOM MAX 


UNIT 


Vcc 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 




Operating free-air temperature 


-55 125t 


75 


°c 



Electrical CliaracteristiCS over operating conditions 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN TYP MAX 


UNIT 


V|L 


Low-level input voltage 




0.8 


V 


V|H 


High-level input voltage 


- . \ 


2 


V 


V|C 


Input clamp voltage 


Vcc = "^'N 'l ^ -18mA 


-1.5 


V 


l|L 


Low-level input current 


Vcc = V| = 0.5V 


-1 


mA 


l|H 


High-level input currgfiil 


Vcc = ^1 " 2 ''v 


100 


/^A 


l| 


Maximum input current 


Vcc = "^AX V| = 5.5V . ■ 


1 


mA 


Vol 


Low-level output voltage 


Vcc = I^IN Iql = 8mA 


0.5 


V 


VOH 


High-level output voltage 


Vcc = 'oh * 


2.4 


V 


'OZL 


Off-state output current 


Vcc = "^^^ 


Vq = 0.5V 


-100 


ma 


'OZH 


Vq = 2.4V 


100 


mA 


'os 


Output short-circuit current* 


Vcc = I^AX Vq = ov - . 


-10 -90 


mA 


'cc 


Supply current 


Vcc = MAX 


160 280 


mA 



4 Not more than one output should be shotted at a time and duration of the short-circuit should not exceed one second. 
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Rounding 

Multiplication of two n-bit operands results In 2n-bit product"''. 
Therefore, In n-bIt system it Is necessary to convert the double- 
length product Into a single-length product. This can be accom- 
plished by truncating or rounding. The following examples, Illus- 
trate the difference between the two conversicin techniques in 
decimal arithmetic. 



39.2- 
39.6- 



-39 
-39 

39.2 + 0.5 = 39.7 

39.6 + 0.5 = 40.1 



I Truncating 



►39 
►40 



I Rounding 



Obviously, rounding maintains more precision then truncating, 
but It may take one more step to Implement. The additional step 
involves adding one-half of the weight of the single length LSB 
tQ .the M.SB of the discareled Mrt e.ci. iii^^^p^atiftmetic round- 



Ing 39.28 to one decimal ^biit:^ |^impliiSh!ed 't7y,.»j|S#ng Qi.Og 
to the number and trunc^r^' the LSB. 

39.28 -I- 0.05 = 39.33-*- 39.3 

The situation In binary arithmetic is quite similar, but two cases 
need to be considered; signed and unsigned data representa- 
tion. In signed multiplication, the two MSBs are identical (except 
when both operands are -1) therefore, the best single length 
product Is shifted one position to the right with respect to the 
unsigned multiplications. Figure 1 Illustrates these two cases for 
the 8x8 multiplier. In the signed case, adding one-half of the S7 
weight Is accomplished by adding 1 In bit position 6, and In the 
unsigned case 1 Is added to bit position 7. Therefore, the 67558 
multiplier has two rounding Inputs, Rg and Ry. Thus, to get a 
rounded single length result the appropriate R Input Is tied to 
Vcc (logic one) and the other R input is grounded. If double 
length resuH is_d^^i|jg£ ii]piuj^:jre greunde<J. 



BINARY POINT 
I 



(a) SIGNED 

MULTIPLICATION 



SINCE S.,, ' S.,j 



Xt^ X6 X5 X4 



Y7 • V6 V5 V4 



X3 X2 

Y3 Y2 



S15 S14-S13 S12 S11 S10 S9 
• 



S7 S6 
n • 1 



*Sl4 S13 S12 S11 S10 S9 Sa S7 



So 




- FULL 1S BIT PRODUCT 

-ADD 1/2 THE MSB 
WEIGHT OF THE 
DISCARDED PART 



*S14-Sl5 



(b) UNSIGNED 

MULTIPLICATION< 



BEST 8 BIT PRODUCT 



X7 
Y7 



Xs X4 

Y5 Y4 



X3 X2 

Y3 Y2 



xo I 



. $15 Sl4 Sl3 S12 S11 S10 S9 
. 



S5 




■ Sl5 Sl4 S13 S12 S11 S10 S9 SB I 



-FULL 16 BIT PRODUCT 

-ADD 1/2 THE MSB 
WEIGHT OF THE 
DISCARDED PART 



BEST 8 BfT PRODUCT 



Figunt 1.. BsundlBg Jhe RnBuK dt Binary Fnaetional MuttlplicaUQn. 



(a) In signed (2*8 complement) notation, the MSB of each operand Is the sign bit, and the l)inary 
point Is to the right of the MSB^ the resulting product has a redundant sign bit and the binary 
point is to the right of the second MSB of the product. The t)est eight-bit product is from S14 
through S7, and rounding is performed by adding "1" to bit position Se- 

(b) ' In unsigned notation the best 8-bit product, is the most significant half of the product, corrected 

by addlhg'T tbWpeSiSon 87. 



In general: multiplication of M-tiH operand by N''l>it operand results in M + N bit product. 
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Signed Expansion 

The most significant product bit tias botti true and complement 
outputs available. When building larger signed multipliers the 
partial products except at the lower stages are signed numbers. 
These unsigned and signed partial products must be added 
together to give the correct signed product. Having txjth the true 
and complement of the most significant product bit available 
assists in this addition. For example, say that two signed partial 
products must be added and MSI adders are used; we then 
have the situation of adding together the Carry from the previous 
adder stage plus the addition of the two negative most significant 
partial product bits. The result of adding these variables must be 
a positive sum and a negative carry (borrow). The equations for 
this are: 
S = A © B © C 

Co 



AB 



BC 



CA 



where C is the Carry In and A and B the sign Uts of tie tm 

partial products. 

Now an adder produces the equations: 
S = A © B © C 
CiD = AB * BC + CA 



ixaniNi^ these eqtniens it can be seen that if tfie inversion of 
A and B ad? used Wen the adder produces the invasion of the 
negative ceirry ^em 

AB + b5 + GA = AB + §6 + !^ 

and the sum remains the same. 

16 X 16 IWo's Complement Multiplication 

The 16-bit X operand is broken into two 8-bit operands (Xq-Xj 
and Xg-Xis), and so is the Y operand. Since the situation is that 
of a GiDss product, four pariiei prodii^ atft gnMlli as follows: 

A = Xl*Vl 

B = Xl«Yh 

C = Xh • Yl 

D = Xh * Ym 

wM» i» s^sseript L stands for bits Or¥, arMI lift st^ript H 
standis for bits 8-15. 

Expanding in two's complement multiplication requires a sign 
extension of the 8 and partial products. Thus, B15 and C15 
need to be extended eight positions to the left (to align with D15). 
In this approach two more adders are required. But the comple- 
ment of the MSB (S15) on the 67558 can be used to save these 
two adders. The Figure shows the impiementation of such a 
t63CtS «|yied two's complement mu t^ p tei i B i a rv 



VCC V8-V15 X8X15 Vcc 



VO-7 X8-15 ROUND Vcc 



V8-1S Xo-7 



MULTIPLIER 
(675S8) 



r 



JUL ji 



Vo-7 X0.7 



MULTIPLIER 
Cii (67558) 




\7 



B 




A 






Yu 8x8 X„ 


Y„ 8x8 X„ 
MULTIPLIER 


1 


MULTIPLIER 


Eii (67558) 




(67558) 



01*41 B14-8 




TWO 




74S2S3B 





Of4 Br^i 



mo 

74S283S 




TWO 











1. 



S31-S24 S23-16 Sis4 

Figure 2. 16 xt6 llm'ft ComptaniMit «pwtf MuMplica^ 



1 



*m *t* *m *i2 X11 *m X9 
' *15 'H4 *i3 Via Yti y» 



|B1S B14 813 B12 B11 Bio B9 Bslj B7 Be B5 B4 B3 B2 Bi 


Boj 




D15 D14 D13 D12 D11 D10 Dg DsljDT D6 D5 D4 D3 02 Dl Doi|Al5 A14 A13 A12 An A10 A9 


A8| |A7 A6 As A4 A3 A2 


A1 Apl 


|C15 C14 Cl3 C12 C11 C10 Cg C8||C7 06 C5 C4 C3 02 Cl 


Col 




S31 S30 S29 328 S27 S26 S2S S24 S23 S22 S21 S20 S19 S18 S17 S16 S15 S14 S13 S12 S11 Sio S9 


Ss S7 Se Ss 34 S3 S2 


S1 So 



iMstu' 



Figure 3. Unsigned Expansions of the 8x8 Multiplier to 16x16 Nhil^fi^rtion. 
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E 
E 



HI REL 



PROM 



Character Generators 



; .-.I 



if-tjfS" ■ .til' 




HAL 



HMSI 



FIFO 
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Octal Interface 



8 



9 



10 



12 



Die 



General information 



-. n>! 



OS 
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Octal Interface Selection Guide 







Non-invert 




SN74LS241 


SN54LS241 






i^phmitt Xrinnftr 

^Jwl II 1 IILV 1 1 lUU^I 


SN74LS344 


SN54LS344 




LS 




Schmitt Trigger 


SN74LS341 


SN54LS341 








SN74LS210 


SN54LS210 


Buffer 




Invert 


Schmitt Trigger 
Schmitt Trigger 


SN74LS240 
SN74LS310 
SN74LS340 


SN54LS210 
SN54LS310 
SN54LS340 




s 


Non-invert 




SN74S244 
SN74S241 


SN54S244 
SN54S241 






Invert 




SN74S210 


SN54S210 






— 


SN74S240 


SN54S240 










SN74LS245 


SN54LS245 


Transcsiver 


LS 


INUi 1 II iVtSi I 


tOlltr^ If 11 


^N74l 9fi4^-1 






LS 


No n- in vert 




SN74LS373 


SN54LS373 




Lnv6ft 




SN74LS533 


SN54LS533 


Latch 


S 


Non-invert 


32mA Iq|_ 


SN74S373 
SN74S531 


SN54S373 




Invert 


32mA Iq|_ 


SN74S535 


SN154S533 








fcJI'setAr fit 

Masier nesvi 




CMc^l C07Q 




LS 


PKJiP'inveri 












Clock Enable 


SN74LS377 


SN54LS377 


Register 




Invert 




■ SN74LS534 


SN54LS534 


8 


Non-invert 


32mA Iql 


SN74S374 
SN74S532 


SN54S374 




Invert 


32mA Iql 


SN74S534 
SN748536 


SN54S534 



Conversion Guide — Monolithic Memories Interface Part Numbers 



OLD — NEW 



NEW —OLD 



Old 
57/67 


New 
SN54/74 


DescripUoh 




New 
SN54/74 


Old 
57/67 


DescrlpUon 


'LS300 


'LS340 


Octal Buffer. Invert, Schmitt Trigger 




'LS340 


'LS300 


Octal Buffer. Invert, Schmitt Trigger 


'LS301 


'LS341 


Octal Buffer. Schmitt Trigger 




'LS341 


■LS301 


Octal Buffer, Schmitt Trigger 


■LS304 


'LS344 


Octal Buffer. Schmitt Tfigger 




'LS344 


■LS304 


Octal Buffer. Schmitt Trigger 


■LS376 


•LS534 


Octal Register, Invert 




'LS533 


'LS380 


Octal Latch, Invert 


•LS380 


'LS533 


Octal Latch, Invert 




'LS534 


'L8376 


Octal Register, Invert 


'8373 


'S531 


Octal Latch, Hl-Drive 




'S531 


'8373 


Octal Latch, Hi-Drive 


'8374 


'S532 


Octal Register, Hl-Drlve 




'SS32 


'8374 


Octal Register, Hl-Drive 


'8376 


'S534 


Octal Register, Invert 




'SS33 


•8380 


Octal Latch, Invert 


'S378 


'S536 


Octal Register, Invert, Hl-Drive 




'S534 


■S376 


Octal Register, Invert 


•8380 


'S533 


Octal Latch, Invert 




'S535 


•8382 


Octal Latch, Invert. Hi-Drive 


8382 


'SS35 


Octal Latch, Invert, Hi-Drive 




'S536 


8378 


Octal Register, Invert, Hi-Driy@ 
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Octal Buffers 



SN54/74LS21 0-^54/74321 
SN54/74LS240 m«4/74S244l 
SN54/74L1241 Sil54/74S24I 
SN54/74tS244 



F«atures/Benefits 

• Three-state output drive bus lines _ ^ 

• Low current PNP inputs reduce loading 

• 20-pin SKINNYDIPS saves space 

• 8 bits matches byte boundaries 

r* Ideal for microprocessor interface r. . 

'f» Complefnentary-enable "210 and •^ tftmr^mum mm^ 
I ^0mr ma funcUens 

Description 

These octal buffers provide high speed and high current inter- 
face capability for bus organized digital systems. The three- 
state drivers will source a termination to ground (up to 133Q) or 
sink a pull-up to Vqq as in the popular 220(V33e{l c^puter 
peripheral termination. The PNP inputs provide ioJpisiiwelteHri 
with 0.2 mA l|L on the low-power Schottky^ Mt^ =«i»d 
0.4mAI||_ on the Schottky buffers. 

The '240 and '244 provide inverting and non-inverting outputs 
respectively with assertive low enables. The '210 and '241 also 
provide inverting and non-inverting outputs respectively, but 
with complementary (both assertive-low and assertive-high) 
enables, to allow transceive or multiplexer operation. 

All of the octal devices are pacl<aged in the popular 20-pin 
SKINNYDIpe. v , -^Si 

JbHtfc Symbols 

' 210 Octal Buffer 240 Octal Buffer 



Onier1iig,lisfonnation 



PART 
NUMBER 


PKG 


TEMP. 


ENABLE 


POLARITY 


POWER 


SN54LS210 
SN74LS210 


J.F 
N,J 


mil 

com 


HIGH- 
LOW 


Invert 


LS 


SN54LS240 
SN74LS240 


J.F 
N,J 


mil 
com 


LOW 


SN54LS241 
SN74LS241 


J.F 
N,J 


mil 
com 


HIGH- 
LOW 


Non- 
invert 


SNS4LS244 
SN74LS244 


J.F 
N,J 


mil 
com 




SN54S210 
SN74S210 


J,F 
N,J 


mil 
com 


HIGH- 
LOW 


Invert 


S 


SN54S240 
SN74S240 


J.F 
N,J 


mil 
com 


LOW 


SN54S241 
SN74S241 


J,F 
N.J 


mil 
com 


HIGH- 
LOW 


Non- 
Inverl 


SN54S244 
SN74S244 


J,F 
N,J 


mil 
com 


LOW 



244 Octal Buffer 




2Yl|T 

gnd[]o 



. -^i2],Y4 




'SKINNVDtP is B r»g>Bt«r»d (radomarh of Monolrtftrc MiBmori«9 
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m 

1^3 



SN54/74LS2iq 



SN54/74LS240 



SN54/74LS241 



SN54/74LS244 



ilbsolute Nl9xjiniiiii lilting^- 

svcc 

Operating CondRions 




SYMBOL 




MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 

1 : 


vcc 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 


.- Ja 


Operating free-air temperature j 


-5S 125 


75 


°c 



Electrical CliaracteristiCS over operating conditions 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIUTARV 
MIN ¥VP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 




Low-level input voltage 




— 
0.7 


U.O 


V 


V|H 


High-level input voltage 








V 


V|C 


Input clamp voltage 


Vcc = MIN, l| = -18mA 


-1 .5 


— 1 .0 


V 


AVj 


Hysteresis i^T^-^jJ 




0.2 0.4 


0.2 0.4 


V 


l|L 


Low-level input current 


Vqc = MAX, V| = 0.4V 


— n 9 


-IS 


mA 


l|H 


High-level input current 


Vqq = MAX, V| = 2.7V 






M 


1, 
'1 


Maximum input current 


Vqq = MAX. V| = TV 


n 1 

U. 1 


1 




- Vol 


Low-level output voltage 


Vcc = MIN, 
ViL - MAX, 
V|H = 2V 


'OL " 1i2mA 


0.4 


0.4 


V 


'OL " 24mA 




0.5 


Vqh 


High-level output voltage 


Vqq = MIN, 

V|L = 0.5V, 
V|H = 2V 


Iqh = -3mA 


2.4 3.4 


2.4 3.4 


V 


Iqh = -12mA 


2 




Iqh - -15mA 




2 


lozL 


Off-state output current 


Vqc = MAX, 
V||_ - MAX, 
V|H = 2V 


Vq = 0.4V 


-20 


-20 


^^ 


'OZH 


Vq = 2.7V 


20 


20 




'os 


Output short-circuit current* 


Vqc = MAX 


-40 -225 




mA 


'cc 


Supply 
Current 


Outputs 
High 


Vqq = MAX, 

Outputs open 


LS210, LS240 


17 27 


17 27 


mA 


LS241, LS244 


17 27 


17 27 


Outputs 
Low 


LS210, LS240 


26 44 


26 44 


LS241, LS244 


27 46 


27 46 


Outputs 
Disabled 


LS210, LS240 


29 50 


29 50 


LS241, LS244 


32 54 


32 54 


!■ Not m^r« than one output ^shc 

Switching Chara 


uld be stiorted fat a, time and duration of the short-citteult $heuld not e)(eeed one second. 

cteristi6s vcc = 5v, ta = 25°c 


SYMBOL 


PARAMETER 


TEST CONDITIONS 
(See Interface Test Load/Wweformt) 


LS210, LS240 
MIN TYP MAX 


LS241, LS244 
M|N TYP MAX 


UNIT 


'PLH 


Data to Output delay 


Cl = 45pF Rl = 667n 


9 14 


12 18 


ns 


'PHL 


12 18 


12 18 


ns 


'PZL 


Output Enable delay i 


20 30 


20 30 


ns 


'PZH 


15 23 


15 23 


ns 


'PLZ 


Output Disable delay 




15 25 


15 25 


ns 


*PHZ 


10 18 


10 18 


ns 



SN54/74S210 SN54/74S240 SN54/74S241 SN54/74S244 



Absolute Maximum Rfulingi* 

Supply Voltage Vcc • 

Input Voltage 

Off-state output voltage 

Storage temperature 

Operating Conditions 



, . . . 7V 
.. 5.5V 
.. 5.5V 



SYMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


Vqc 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 


Ta 


Operating free-air temperature 


-55 1^* 


75 





*TheSN54S24l/244Joperatingatfreeairtemperatureabove116°Crequiresaheatsink&uehW5atllg,Q^ not more than, 40*0/^. 

Electrical Characteristics Over Operating Conditions 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


V|L 


Low-level input voltage 




0.8 


0.8 


V 




High-level input voltage 




c. 


o 


\] 


V|C 


Input clamp voltage 


Vcc = l^'N l| = -1SmA 


-1.2 


-1.2 


V 


AVj 


Hysteresis (Vj^-Vj ) 


Vcc = i^iN 


0.2 0.4 


0,2 0,4 


V 


l|L 


Low-level 
input current 


Any A 


Vcc = MAX V| = 0.5V 


-0.4 


-0.4 


mA 


Any E 


-2 


-2 


1|H 


High-level input current 


Vcc = ^'^^ V| = 2.7V 


50 


50 


^^ 


l| 




Vcc - ^'^^ ^1 " ^-^^ 


1 


1 


mA 


Vol 


Low-level output voltage 


Vcc = W'N 

V|L = o.iv 

V|H = 2V 


IqL ~ 48mA 


0.55 




V 


IqL = 64mA 




0.55 


VoH 


High-lev^l output voltage 


Vcc = 
V|i_ = 0.8V 
V|H = 2V 


lOH = -■"i^A 




2,7 


V 


Iqh = -3mA 


2.4 3,4 


2,4 3,4 


IqH = -12mA 


2 




Iqh ~ -15mA 




2 


Hdzl 


Off-state output current 


Vcc = WAX 
V||_ = 0.8V 
V|H = 2V 


Vq = 0.5V 


-50 


-50 


liK 


'OZH 


Vq = 2.4V 


50 


50 


//A 


'os 


Output short-circuit current f 


Vqc = MAX 


-50 -225 


-50 -225 


mA 


'cc 


Supply Current 


Outputs 
High 


Vcc = 
Outputs open 


S210,S240 


80 123 


80 135 


mA 


S241,S244 


95 147 


95 160 


Outputs 
Low 


8210,8240 


100 145 


100 150 


S241,S244 


120 170 


120 180 


Outputs 

Disabled 


S210,S240 


100 145 


100 150 


8241,8244 


120 170 


lao i#9 



■j^'Not more than one output should be shorted at a tin 

INritching Characteristics 



18 and duration of the short-circuit should not exceed one second. 
VCC = 5V, Ta = 25°C 



SYMBOL 


PARAMETER 


TEST CONDITIONS 
(See Interface Test Load/Waveforms) 


S210, S240 
MIN TYP MAX 


S241, S244 
MIN TYP MAX 


UNIT 


tpLH 


Data to Output delay 


Cl= 50pF Rl = 90n 


45 7 


6 9 


ns 


*PHL 


4.5 7 


6 9 


ns 


*PZL 


Output Enable delay 


10 15 


10 15 


ns 


^PZH 




8210 


6.5 


12 


8 12 


ns 


S240 


10 


ns 


'PLZ 


Output Disable delay 


Cl= 5pF Rl = 90n 


10 15 


10 15 


ns 


•PHZ 


6 9 


6 9 


ns 
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Features/ Benefits 

■ Schmitt trigger guarantees high iMfse margin 

• 3-sfate outputs drive bus lines 

^» Low current PNP inputs reduce ioading 

• 20-pln SKINNYDIP® saves space 

• 8 bits matclies byte boundaries 

• ideai for microprocessor Inter&ce 



• Complementary-enable "310 and '341 types 

plexer and driver functions 

• Pin-compatibie witfi SN54/74LS210/240/1/4 — can be direct 
Wj i ^M i ii iant in systems wHh noise p»gHm» 



Ordering Information 



PART 
NUMBER 


PKG 


TEMP. 


ENABLE 


POUKRiTY 


POWER 


SN54LS310 


J,F 


mil 


HIGH- 






SN74LS310 


N,J 


com 


LOW 


Invert 




SN54LS340 


J,F 


mil 


LOW 




SN74LS340 


N,J 


com 




LS 


SN54LS341 


J.F 


mil 


HIGH- 






SN74LS341 


N,J 


com 


LOW 


Non- 




SN54LS344 


J.F 


mil 


LOW 


invert 




SN74LS344 


N,J 


com 







Description 

In addition to the standard Schottky and low-power Schottky 
octal buffeis, Monolithic Memories provides full hysteresis with 
a "true" Sctimitt-trigger circuit. The improved performance 
characteristics are designed to be consistent with the SN54/ 
74LS14 hex Schmitt-trigger and guarantee a full 400 mV noise 
' immunity. The Schmitt-trigger operation meji^jto IS l^upet^-'. 
ideal for bus receivers in a noisy environment. ' 

The octal buffers provide high-speed and high-current interface 
capability for bus-organized digital systems. The PNP inputs 



Logic Symbols 



310 Octal Buffer 340 Octal Buffer 




SKINNYDIP IS a 'e'JiSlr-ie.l (radpr-VTrk o' Monou'tv. f.'f.inio' 



provide improved fan-in with 0.2 mA l||_. The '340 and '344 pro- 
vide inverting and non-inverting outputs respectively, with 
assertive-low enables. The '310 and '341 also provide inverting 
and non-inverting outputs respectively, but with complementary 
(both assertive-low and assertive-high) enables, to allow trans- 
. mMe m ffiuHiplexer operation. 

All of the octal devices are pacl<a^ in. th^ l^^^uter 20-pin 
SKINNYDIP®. ' ' "* ' j"" 



341 Octal Buffer 344 Octal Buffer 





SN54/74LS310 SN54/74LS340 SN54/74LS341 SN54/74LS344 



Absolute Maximum Ratings 

Supply Voltage VcC 

Input Voltage 

Otf-state output voltage 

Storage temperature 



. . 7V 

.;. i«, !» 5.5V 

......v.. -65° to+150°C 



Operating Conditions 



SYMBOL 


. PARAMETER 


MILITARY 
MIN TYP MAX 


commeM^al 
min typ max 


UNIT 


Vcc 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 




Operating free-air temperature 


-56 125 


75 


°c 



■ v-H' is J nc^ OS • 



Electrical Ciiaraclaristlcs Over Operaliilg Conditions 



cvuDm 

9TIWDUL 


KAHAME 1 EH 


TEST CONDITIONS 


MILITARY 
MIN TYP MAX 


COMMERCIAL 

MIN TYP MAX 


i IkllX 

UNI 1 


Vt + 


Positive threstiold voltage 


Vcc = 5V 


1.5 1.7 2.0 


1.5 1.7 2.0 


V 


Vt- 


Negative threshold voltage 


VCC = 5V 


Ofi 0,9 1.1 


0.6 0.9 1.1 


V 


V|C 


Input clamp voltage 




-1.5 


■ -1.5 


V 


AVt 


Hysteresis (Vt^-Vt_) 


Vcc = 5V 


0.4 QA 


0.4 0.8 


V 


l|L 


Low/-levei input current 


Vcc = I^AX, V] = 0.4V 


-0.2 


-0.2 


mA 


l|H 


HIgh-lewel Input current 


Vcc = ^'^^ V| = 2.7V 


20 


r<u 


; AiA.; 


li 


Maximum Input current 


Vcc = V| = 7V 


0.1 


0.1 


mA 


Vol 


Low-level output voltage 


Vcc = '^'N. 
Vt+ = 2V. 
Vj_ = 0.6V 


lOL = 12mA 


0.4 


0.4 


V 


Iql = 24mA 




0.5 


VOH 


High-level output voltage 


Vcc = IVIIN. 
Vt+ = 2V, 

Vy_ = aev 


Iqh = -3mA 


2.4 3.4 


2.4 3.4 


V 


Iqh = -12mA 


2 




'OH - -15mA 




2 


'OZL 


Off-state output currant 


Vce = MASC. 
Vt+ = 2V, 
Vt_ = 0.6V 


Vo = 0.4V 


. -20 


-20 


M 


'OZH 


Vq = 2.7V 


. 20 


20 


/iA 


iqs 


Output short-circuit current* 


Vcc = IVIAX 


-40 -225 


-40 -225 


mA 


'cc 


Supply 
Current 


Outputs 
High 


Vcc = l^^'^' 
Outputs open 


LS310, LS340 


17 27 


• .17 27 


mA 


LS341, LS344 


18 35 


. f& 35 


Outputs 

Low 


LS310, LS340 


26 44 


26 44 


LS341, LS344 


32 46 


32 46 


Outputs 
Disabled 


LS310, LS340 


29 50 


29 50 


LS341, LS344 


34 54 


34 .54 



* Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second, 



Switching Cliaracteristies vcc = s v. ta = 25° c 



SYMBOL 


PARAMETER 


TEST CONDITIONS 
(Sw Inlertae* TmI LoMl/WiwIoniM) 


LS310, LS340 
MIN TYP MAX 


LS341, LS344 
MIN TYP MAX 


UNIT 


'PLH 


Data to Output delay 




19 


25 


19 


25 


ns 


'PHL 


Cj^= 45pF Rl= 6670 


19 


25 


19 


25 


ns 


'PZL 


Output Enable delay 


32 


40 


25 


40 


ns 


'PZH 




23 


35 


24 


35 


ns 


'PLZ 


Output Disable delay 


Cl = 5pF Rl - 6670 


18 


30 


21 


30 


ns 


'PHZ 


15 


25 


18 


25 


ns 
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Transceiver 

SN54/74LS245 



Fi«itttitM/B«n«fits 

• 3-state outputs drive bus lines 

• Low current PNP Inputs reduce loading 

• Symmetric — equal driving capability In each direction 

• 20-pin SKINNYOIP« saves space 
1 1«9 bits matches byte boundaries 

• Ideal for microprocessor interface 

• Pin-compatible with SN54/74LS645 -- Improved speed, 
III. and Iqzl specifications 



Ordering liifontiation 





PART 
NUMBER 


TYPE 


TEMP 


POLARITY 


POWER 


SN54LS245 


J, F 


mil 


Non- 
invert 


LS 


SN74LS245 


N.J 


com 







Description 

These octal bus transceivers are designed for asynchronous 
two-way communication between data buses. The control func- 
tion Implementation minimizes external timing requirements. 

The device allows data transmission from the A bus to the B bus 
or from the B bus to the A bus depending upon the logic level at 
the direction control (OIR) input. The enable input (E) can be 
used to disable the device that the buses are effectively 
isolated. All of ttie octal devices are packaged in the popular 
20-pin SKINNYDIP*. 



Function Table 



L^gic Symbol 



ENABLE 


DIRECTION 




CONTROL 


OPERATION 


E 


DIR 




L 


L 


B data to A bus 


L 


H 


A data to B bus 


H 


X 


Isolated 



245 Octal Transceivw 



'Xi iJBJ. 
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SN54/74LS245 



Absolute Maximum Ratings 

Supply Voltage VCC 

Input Voltage 

Off-state output voltage 

Storage temperature 



7V 

7V 

5.5V 

-65° to +150°C 



Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 

MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


Vcc 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 




Operating free-air temperature 


-55 125 


75 


"C 


Blectrtcal Characteristics over operating conditions 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


V|L 


Low-level input voltage 




0.7 


" 0.8 


V 




High-level Input voltage 




2 


2 


V 


V|C 


Input clamp voltage 


Vcc = WIN. I| = -18mA 


-1.5 


■..-1.5 


V 




Hysteresis (Vx^-Vj ) a or B 


Vcc = MIN 


0.2 0.4 


02 0.4 


V 


l|L 


Low-level input current 


Vcc = MAX, V| = 0.4V 


-02 


-0.2 


mA 


'iH 


High-level input current 


Vcc = V| " 


20 


20 


/jA 


l| 


Maximum 
input current 


A or B 


Vcc " '^'^^^ 


V| = 5.5V 


0.1 


0.1 


mA 


DIRorE 


V| = 7.0V 


0.1 


0.1 


Vol . 


.^f^-ievel outp^'iil^^^ 

5ISC 


Vcc = l^"^' 
V|L = MAX, 
V|H = 2V 


Iql = 12mA 


0.25 0.4 


0.25 0.4 


V 


Iql = 24mA 




0.35 0.5 


VOH 


High-level output voltage 


Vcc = 

V||_ = MAX. 

V|H = 2V 


Iqh = -3mA 


2.4 3.4 


2.4 3.4 


V 


IqH = -l^mA 


2 


2 


Iqh - -15mA 




2 


'OZL 


Off-state ou^jut cunsRi 


Vcc = MAX. 
V|L - MAX, 
V|H = 2V 


Vq = 0.4V • 


-200 

T M= ^ , 


-200 


UA 


'OZH 


Vq = 2.7V 


10 


10 


pA 


Iqs 


OubpuX short-circuit current 


Vcc = MAX 


-40 -225 


-40 -225 


mA 


'cc 


Supply 
Current 


Outputs 
High 


Vcc = MAX, Outputs open 


48 70 


is 70 


mA 


Outputs 
Low 


62 90 


62 90 


Outputs 
Disabled 


64 95 


64 95 



* Not more than one output should be shorted at a time and duration oi the short-^iircuit should not exceed one second. 



Switcliing Ciiaracteristics vcc = s v, ta ^ 25° c 



SYMBOL 


PARAMETER 


TEST CONDITIONS 
(Sm inlHfw* TmI Load/WmtaniM) 


A to B DIRECTION 
MIN TYP MAX 


B to A DIRECTION 
MIN TYP MAX 


UNIT 


*PLH 


Data to Output delay 




8 


12 


8 


12 


ns 


'PHL 


Cl= 45pF Rl= 667fl 


8 


12 


8 


12 


ns 


'PZL 


Output Enable delay 


27 


40 


27 


40 


ns 


*PZH 




25 


40 


25 


40 


ns 


•PLZ 


Output Disable delay 


Cl= 5pF Rl= 6670 


15 


25 


15 


25 


ns 


•PHZ 


15 


25 


15 


25 


ns 
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Octal TransMlimm 

SN54/74LS645 SN74LS645-1 



• 0. 



Featuros/Beiwfits 7 a 

• 3-state outputs drive bus lines 

• Low current PNP input* reduce loading ^ _ . 
-M. SynwMlrlc — ec|ual drMng flumM my-M^StefejlMBBB U B il -* 

• 20-pln SKINNYDIPe saves space 

• 8 bits matches byte boundaries 

• Ideal for micropiacessor Interface 

• SN74LSe4S-1 mied at Iqi. = 48 iiiA 



Ordering InfbrmaHim 



PART 
NUMBER 


TYPE 


TEMP 


POLARITY 


POWER 


SN54LS645 


J.F 


mil 


Non- 
Invert 




SN74LS645 


N.J 


com 


LS 


SN74LS645-1 


N,J 


com 




■ . tv ii!-: ■■ 


• V ■ ■. 







or 



Description 

These octal bus transceivers are designed for asynchronous 
two-way communication between data buses. The control func- 
tion implementation minimizes external timing requirements. 

The device allows data transmission from the A bus to the B bus 
or from the B bus to the A bus depending upon the logic level at 
the direction control (DIR) input. The en8*le^i)<tput {€) can be 
used to disable the device s& that the bases, are effectively 
isolated. All of the octal devices are paGkagM^ 'the'popite' 
2b-pin SKlNNYDIP®. '' - = J ^ 



1 liOgic Symbol 



.-..V r- - 
Function Tabie 



ENABLE 


OIRpCTION 
CONTRdL 


OPERATION 


E 


DIR 




L 


L 


B data to A bus 


L 


H 


A data to B bus 


H 


X 


Isolated 



645/645-1 Octal Transceiver 

"0] br^ ^rte 



J6]b3 
I5|b4 



ill lo.la (l;t|^•0 



12 



mm 
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SII54/74I.S645 SN74LS645-1 



Absolute Maximum Ratings 

Supply Voltage VCC 

Input Voltage 

Off-state output voltage 

Storage temperature 



7V 

7V 

5.5V 

-65° to +150°C 



Operating Conditions 



SYMBOL 


PARAMETER 


MiLiTARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


Vcc 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 




Operating free-air temperature 


-55 125 


75 


»c 


Etoctrical Chafa^ristlCS over operating Conditions 


QVMRni 




TEST CONDITIONS 


MiLiTARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNI 1 


V|L 


Low-level input voltage 




0.5 


0.6 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|C 


Input clamp voltage 


Vcc = IVIIN, l| = -18mA 


-1.5 


-1.5 


V 




Hysteresis (Vt^-Vt_) A or B 


Vcc = I^IN 


0.1 0.4 


0.2 0.4 


V 


l|L 


Low-level input current 


Vcc = IVIAX, V| = 0.4V 


-0.4 


-0.4 


mA 


l|H 


High-level input current 


Vcc = V| = 2.7V 


20 


20 


//A 


1| 


Maximum input current 


Vcc = MAX, V| = 5.5V 


0.1 


0.1 


mA 


VpL 


Low-level output voltage 


Vcc = WIN. 
V||_ = MAX, 

V|H =2V 


Iql = 12mA 


0.25 0.4 


0.25 0.4 


V 


Iql = 24mA 




0.35 0.5 


Iql = 48mAt 




0.4 0.5 


VOH 


High-level output voltage 


Vcc = M'N. 

V|L = MAX, 
V|H = 2V 


Iqh = -3mA 


2.4 3.4 


2.4 3.4 


V 


IqH = -■'2mA 


2 




Iqh - -15mA 




2 


'OZL 


Off-state output current 


Vcc = MAX, 
V|i_ - MAX, 
V|H = 2V 


Vq = 0;4V 


-400 


-400 


//A 


'OZH 


Vq = 2.7V 


20 


20 




'os 


Output short-circuit current * 


Vcc = MAX 


-40 -225 


-40 ^25 


mA 


'cc 


Supply 
Current 


Outputs 
High 


Vcc ~ MAX, Outputs open 


48 70 


48 70 


mA 


Outputs 
Low 


62 90 


62 90 


Outputs 

Disabled 


64 95 


64 95 



♦ Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 
fThis specification applies only to the SN74LS645-1. 



Switching Characteristics vcc = 5 v, ta = zs^c 



SYMBOL 


PARAMETER 


TEST CONDITIONS 
(See lirieilaee Tert Load/Wavelonm) 


ATOB DIRECTION 
MIN TYP MAX 


B TO A DIRECTION 
MIN TYP MAX 


UNIT 


•PLH 


Data to Output delay 




8 


15 


8 


15 


ns 


'PHL 


Cl= 45pF Rl= 667n 


11 


15 


11 


15 


ns 


'PZL 


Output En{d3le delay 


31 


40 


31 


40 


ns 


'PZH 




26 


40 


26 


40 


ns 


'PLZ 


Output Disable delay 


Cl= 5pF Rl= 667n 


15 


25 


15 


25 


ns 


'PHZ 


15 


25 


15 


25 


ns 
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Octal Registers ^ 

With Master Reset and Ciocic Enable 

SN54/74LS273 SN54/74LS377 



I features 



Function Table LS273 



•<k20-Pln Skinny DIP™ Saves Space ^ ^ ^i^^^.^.^ 
• 8 Bits Matches Byte Boundaries 


INPUTS 


OUTPUT 


CLEAR 


CLOCK 


D 


Q 


• Ideal for Microprogram Instruction Register* 


L 


X 


X 


L 


• Ideal for Microprocessor Interface 


H 


T 


H 


H 


• Suitable for Pipeline Data Registers 


H 


T 


L 


L 


• Useful in Timing, Sequencing, and Control Circuits 


H 


L 


X 


Qo 



• 3 LS273S May Replace 4 LS174* 

• 3 LS377S May Replace 4 LS378s , , 

Description 

These octal registers contain 8 D-type flip-flops and feature very 
low ICC (17 mA typ). Tfie LS273 register is loaded on tlie rising 
edge of the clocit (CK) and asynchronously cleared whenever 
the master reset line, MR, is low. The LS377 register Is loaded on 
the risi ng e<^ Of the clock proiviefed ttiiitWd^Nsiek enai>ie Ifrie, 
CK EN, is low 

Ordering information 



Function Table LS377 



INPUTS 


OUTPUT 


CK EN 


CLOCK 


DATA 


Q 


H 


X 


X 


Qo 


L 


T 


H 


H 


L 




L 


L 


^ 


1 


X 


Qo 



PART 
NUMBER 


PKG 


TEMP 


PQLARITY 


TYPE 


CONTROL 
OPTION 


POWER 


- i' 


J,F 


mil - 






■- ^ssr f 




^^^^ 


N,J 


com 


Non- 


Register- 




LS 


SN54LS377 


J,F 


mil 


invert 


Clock 


SN74LS377 


N,J 


com 






Enable 





Symbols 





HO' 



SKINNYPIP" is a traldemark Of IMonolilhi ^'• 




Ut,-sta,eoutpu,vo.,age SN54 7741^273 . SN54/74LS377 

storage temperature -65° to +1S0°C 

Operating Conditions 



SYMBOL 


PARAMETER 


TEST CONDITIONS 


MILITARY 

MIKl TVD MAY 


COMMERCIAL 

MIM TVD MAV 
Mini 1 Ir MMA 


UNIT 


Vcc 


Supply voltage 




4.5 5 5.5 


4.75 5 5.25 


V 




Width of Clocl</Master Reset 


High 


20 


20 


ns 


Low 


20 


20 




Setup time 


Data input 


20t 


20f 


ns 


Reset inactive state ('LS273 only) 


25t 


25t 


Clock enable active state 
('LS377 only) 


25t 


25t 


Clock enable inactive state 
(■LS377 only) 


101. 


10t 




Hold time 


Data input 


5t 


51 


ns 


Clock enable ('LS377 only) 


5t 


5t 


Ta 


Operating free air temperature 




-55 125 


75 


°C 


IIThe arrow Indicates the transition of the clock/enable input used for reference. 1 for the low-to-high transition, 1 for the high-to-low transition. 

Electrical Characteristics over operating conditions 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX J 


UNIT 


V|L 


lx}w-level input voltage 




0.7 


0.8 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|C 


Input clamp voltage 


Vcc = M\N 1| = -18mA 


-1.5 


-1.5 


V 


l|L 


Low-level input current 


Vcc = "^AX V| = 0.4V 


-0.4 


-0.4 


mA 


l|H 


High-level input current 


Vcc = ^'^^ V| = 2.7V 


20 


20 


/^A 


l| 


Maximum input current 


Vcc = V| = 7V 


0.1 


0.1 


mA 


Vol 


Low-level output voltage 


Vcc = I^IN 
V|L = MAX 
V|H = 2V 


lOL " 4rr\A 


0.25 0.4 


0.25 0.4 


V 


Iqi. = 8mA 




0.35 0.5 


VOH 


High-level output voltage 


Vcc = I^IN 

V|L = MAX 
V|H = 2V 


Iqh = -WO/zA 


2.5 3.4 


2.7 3.4 


V 


Ids 


Output short-circuit current * 


Vcc = MAX 


-20 -100 


-20 -100 


mA 


'go 


Supply current f 


Vcc = MAX 
Outputs open 


LS273 


17 27 


17 27 


mA 


LS377 


17 28 


17 28 



*Not more than one output stwuld be shorted at a time and duration of the short-circuit should not exceed one second. 

'|-Iqq is measured after first a momentary ground, and then 4.5V, is applied to clock, while the following other Input conditions are held: 



(a) for the '13273 - 

(b) for the tSSTT - 



' 4.5V on all data and master-reset inputs, 
ground on all data and clock-enable inputs. 



Switcliing Cliaracterlstlcs Vcc = sv.Ta =25°c 



SYMBOL 


PARAMETER 


TEST CONDITIONS 
(Sea Inlwtace Test LoadAVmforms) 


LS273 
MIN . TYP MAX 


LS377 
WIN TYP MAX 


UNIT 


'max 


Maximum Clock frequency 


Cl = 15pF Rl = 2kn 


30 40 


30 40 


MHz 


'PLH 


Clock/Reset to output delay 


27 


27 


ns 


tpHL 


27 


27 


ns 
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Octal Latches, Octal Registers 

SN54/74LS373 SN54/74S373 
SN54/74LS374 SN54/74S374 



.ri:.33C"" J :V--4t^' 



Features/ Benefits 

• 3-slate outputs drive bus lines 

• 20-pin SKINNYDIP® saves space . \ ' 

• 8 bits matches byte boundaries 

• Hysteresis improves noise margin 

• Low current PNP inputs reduce loading 

• Ideal for microprocessor interlace 

Description 

The latch passes eight (octal) bits of data from the inputs (D) to 
the outputs (Q) when the gate (G) is high. The data is "latched" 
when the gate (G) goes low. The register loads eight (octal) bits 
of input data and passes it to the output on the "rising edge" of the 
clock. 

The three-state outputs are active when OE is low, and high- 



OrderiifgubjieKMMtf^' 



PART 
NUMBER 


PKG 


TEMP 


POLARITY 


TYPE 


POWER 


SN54LS373 

SN74LS373 


J.F 
N,J 


mil 
com 




Latch 


LS 


SN54LS374 
SN74LS374 


J.F 
N.J 


mil 
com 


Non- 


Register 


SN54S373 
SN74S373 


J,F 
N,J 


mil 

com 


invert 


Latch 


S 


SN54S374 
SN74S374 


J,F 
N,J 


mil 
com 




Register 



Pmpe^iilipbies 

373 Octal Latch 



impedance when OE is high. Schmitt-trigger buffers at the 
gate/clock inputs improve system noise margin by providing 
typically 400 mV of hyst»p^-- , 

All of 1116,41^1 devices are packaged tA the popular ^Si^m 
SKINNyDlP*'. , ' 



374 Octal Register 



OE 


G 


D 


Q 


L 


H 


H 


H 


L 


H 


L 


L 


L 


L 


X 


Qo 


H 


X 


X 


z 



OE 


CK 


D 


o 


■J-..L 


T 


H 


H 


L 


T ^ 


,L ■ 


L 


L 


L 


X 


Qo 


H 


X 


X — 


z 



Logic SymiM>is 




•))<>...' *!<»'■ 
374 Octal Register 

71] 60 

]s]sQ 

14] 6D 

]2]sO 



OE 

'. iqE 
idE 

2dE 

2a| 
30 

3dE 
4d|T 

4qE 

BHD Fa 



^3 



1165 East Arques Avenue, Sunnyvale, CA 94086 Tei: (408) 739-3535 TWX: 910-339-9229 
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SN54/74LS373 SII54/74LS374 



Absolute Maximum Ratings 

Supply Voltage, vcc 

Input Voltage 

Off-state output voltage 

Storage temperature 



7« 

7V 

5.5V 

-65° to +1.50°C 



Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 




Supply voltage - 1 


4.5 5 5.5 


4.75 5 5.25 


V 




Operating free air temperature 


-55 125 


75 


"C 




Width of Clock/Gate 


High 


15 


15 




Low 


15 


15 


ns 




Setup time 


01 


20t 


ns 




Hold time 


101 


Ot 


ns 


Eiectricai Characteristics over operating condiHon* 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


V|L 


Low-level input voltage 




0.7 


0.8 


V 


V|H 


High-level input voltage 




2 ' 


2 


V 


V|C 


Input clamp voltage 


Vcc " MIN l| = -18mA 


-1.5 


-1.5 


V 


l|L 


Low-level input current 


Vcc = ^^'^ V| = 0.4V 


-0.4 


-0.4 


mA 


l|H 


High-level input current 


Vcc = MAX V| = 2.7V 


20 


20 


uA 


l| 


Maximum input current 


Vcc = MAX V| = TV 


0.1 


0.1 


mA 


Vol 


Low-level output voltage 


Vcc = MIN 
ViL = MAX 
V|H = 2V 


Iql = ^2mA 


0.25 0.4 


0.25 0.4 


V 


'OL " 24mA 




0.35 0.5 


Vqh 


High-level output voltage 


Vcc = MIN 

V|L = Max 

V|H = 2V 


'oh = -ImA 


2.4 1 m 






V 


lOH = -2.6mA 




2.1 3.1 


'OZL 


Off-state output curiwlt 


Vcc = max 

V|L = MAX 
V,H = 2V 


Vq = 0.4V 


- ■ -20 


-20 


/^A 


'OZH 


Vq = 2.7V 


20 


20 




'os 


Output short^iEult current* 


Vcc = MAX 


-30 -130 


-30 -130 


mA 


icc 


Supply current 


Vqc = MAX 
Outputs open 


LS373 


24 40 


24 40 


mA 


LS374. 


27 40 


27 40 



*Not more tlian one output should be shorted at a time and duration of tt<e ahon.cin:u)t ahould not eicceed'one second. 

Switching Charcteristics = s v.t^ = 250c 



SYMBOL 


PARAMETER 


TEST CONDITIONS 
(See Interface Teet LoedAVanlonna) 


LS373 
MIN TYP MAX 


LS374 
MIN TYP MAX 


UNIT 


'max 


Maximum Clock frequency 






35 50 


MHz 


'PLH 


Data to Output delay 




12 


18 




ns 


'PHL 


Cl= 45pF Rl = 6670 


12 


18 




ns 


'PLH 


Clock/Enable to output delay 


20 


30 


15 


28 


ns 


'PHL 




18 


30 


19 


28 


ns 


'PZL 


Output Enable delay 




25 


36 


21 


28 


ns 


'PZH 




15 


28 


20 


28 


ns 


'PLZ 


Output Disable delay 


Cl" 5pF Rl" 667n 


15 


25 


14 


25 


ns 


, 'PHZ 


12 


20 


12 


20 


ns 
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,SN54/74S373 



SN54/74S374 



Atoolute Maximum itotings 

Sti#ty V{Ms^, VCC 

Input Voltage 

Off-state output voltage 

Storage temperature 

Operating Conditions 



.. 7V 
5.5V 



•V. -i .&M 

-65° to +fSff't; 



SYMBOL 


paraheterI 


TEST CONDITIONS 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 




Supply voltage 




4.5 5 5.5 


4.75 5 5.25 


V 




OpfTEitlrtg free air temperature 




-55 126 


U: 75 


"C 




Width of Clock/Gate 


High 


6 


6 


ns 


Low 


7^ 


7.3 




Set up time 


S373 


01 ' - 


01 


ns 


S374 ' 


5f : r. '• -■- 


-Sit','''. ■ 


'h 


Hold time ' 


S373 


101 .> ., 




ns 


,.,S^, ...y i 


2t 


2t 


Electrical Characteristics ovi 




SYMBOL 


PARAMETER 




MILITARY 
MJN.TTYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 




Low-level input voltage 






0.8 


V 


V|H 


High-levet input voltage 






2 


V 


V|C 


Input clamp voltage 


Vcc = MIN l| = -18mA 


-1.2 


-1.2 


V 


L. 

'IL 


Low-level input current 


Vcc " ^^"^ V| = 0.5V 


-0.25 


-0.25 


mA 


1 II 1 
'IH 


High-level input current 


Vcc = '^^^ V| = 2.7V 


50 


50 


UA 


'1 


Maximum input current 


Vcc = I^AX V| = 5.5V 


1 


. 1.. 


mA 


Vol 


Ixiw-level output voltage 


Vcc = WIN 

V|L = 0.8V 
V|H = 2V 


'OL " 20mA 


0.5 


0.5 


V 


VOH 


High-level output voltage 


Vcc = WIN. 
V|L = 0.8V 
V|H = 2V 


IOH= ' 






V 


IqH" 


1 '.' 


2.4 1 3^1 


'OZL 


Off-state output current 


Vcc = MAX 

V|L = aw 

V|H = 2V 


Vq = 0.5V 


! ' 

-50 


-50 


/uA 


Iqzh 


Vq = 2.4V 


50 


' 50 


/l/A 


'os 


Output short-circuit current* 


Vcc = MAX 


-4^ -100 


-40 ; -100 


mA 


Ice 


Supply current 


Vcc = MAX 
Outputs open 


S373 


105 160 


^\5 160 


mA 


S374 


90 140 


94 140 


Switcli 


ah' one output should be shorted at a tinie and duration M IN ttg^r^rcuit should not exceed one second. ^ 

ling Characteristics vcc = s v, ta = 25° c 


SYMBOL 


PARAMETER 


TEST CONDITIONS 
(See Interlace Test Load/Wavetonns) 


S373 
MIN TYP MAX 


S374 
MIN TYP MAX 


UNIT 


'max 


Maximum Clocl< frequency 


Cl- 15pF Rl - 280n 




75 100 


MHz 


'PLH 


Data to Output delay 


7 12 




ns 


'PHL 


7 12 




ns 


'PLH 


Clock/Enable to output delay 


7 14 


8 15 


ns 


'PHL 


12 18 


11 17 


ns 


•PZL 


Output Enat))e delay 




11 18 


ns 


'PZH 


15 


8 15 


ns 


'PLZ 


Output Disable delay 




i^^^ 8 12 


7 12 


ns 


'PHZ 


6 9 


5 9 


ns 
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SN54/74LS534 SN54/74S534 



Ffatures/ BeiKif its 

• M«erling output 

• 3-state outputs drive bus lines 

• 20-pln SKINNYDIP® saves space 

• 8 bits matches byte boundaries 

• Hysteresis Improves noise margin ~ 

■ ■ -- 

• Low current PNP Inputs reduce loading 

• Wal lor mlerpproe^KSior interface 

• PIrt-compatlble-wtth SNS4/74LS3i7^4 ^ can be diie^ 
rei^cement when bus polarity must be changed 

Description 

In addition to the standard S and LS latches and registers, 
Monolithic Memories provides inverting outputs instead of non- 
inverting outputs. The inverting outputs are intended for bus 
applications that require inversion an in interfacing the Am2901A 
4-Bit Slice to an assertive-low bus. 

The latch passes eight (octal) bits of data from the inputs (D) to 
the outputs (Q) when the gate (G) Is high. The data is "latched" 

Function Tables 

533 Octal Latch (Inverting) 



Ordering information 



OE 


G 


D 


Q 


L 


H 


H 


L 


L 


H 


L 


H 


L 


L 


X 


Qo 


H 


X 


X 


z 



PART 
NUMBER 


PKG 


TEMP 


POLARITY 


TYPE 


POWER 


54LS533 
74LS533 


J,F 
N,J 


mil 
com 


Invert 


Latch 


LS 


54LS534 
74LS534 


J,F 
N,J 


mil 
com 


Register 


54S533 
74S533 


J,F 
N,J 


mil 
com 


Latch 


S 


54S534 
74S534 


J,F 
N,J 


mil 
com 


Register 



when the gate (G) goes low. The register loads eight (octal) bits 
of input data and passes It to theoutput ort the "rising.€dge" of the 
clocl(^ 

The three-state outputs are active when OE is low, and high- 
impedance when OE Is high. Schmitt-trigger buffers at the 
gate/clock inputs improve system noise margin by providing 
typically 400 mV of hysteresis. 

All of the octal devices are packaged in the popular 20-pin 
SKINNYDtP*. 



534 Octal Register (inverting) 



OE 


CK 


D 


Q 


L 


T 


H 


L 


L 


T 


L 


H 


L 


L 


X 


Qo 


H 


X 


X 


z 




534 Octal Register (inverting) 

10 [T - 




lies ^ast Arque* Avrniu^Sunnywis, Cft 9i!»8S <' TekflQS)'7^4iilS 
1 2-18 




Input Voltage 

^-state output voltage 



7V 
7V 



Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


^CC 


Supply voltage 


4.5 


5 


5.5 


4.75 


5 


5.25 


V 


'w 


Width of Clock/Gate 


High 


15 


35 ,. 




Low 


15 


15 


ns 




Set up time 


LS533 


01 


01 


ns 


LS534 




20t 


201 _ 




th 


Hold time 


LS533 


101 


Ot 


ns 


LS534 


ot 


ot 






Operating free air temperatui$ 










_125 







75 






^1 Characteristics over operating Conditions 


















PARAMETER 


TEST CONDITIONS 


MILITARY 
MIN TYP MAX 


POMMERCIAL 
MIN TYP MAX 


UNIT 


V|L 


Low-level input voltage 






0.7 


0.8 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|C 


Input clamp voltage 


Vcc = i^iN 


l| = -18mA 


-1.5 


-1.5 


V 


t|L 


Low-level input current 


Vcc = MAX 


V| = 0.4V 


-0.4 


-0.4 


^TlA 


. "IH 


High-level input current 


Vcc = "^^^ 


V| = 2.7V 


20 


20 


/iA 


Jl - 


Maxlmum.input durrent 


Vcc = MAX 


V| = TV 


0.1 


0.1 


mA 


Vol 


Low-level output voltage 


Vcc = '^"^ 
V|L - MAX 
V|H =.2V 


Iql = 12mA 




0.25 


0.4 




0.25 


0.4 


V 


Iql = 24mA 






0.35 


0.5 


VOH 


High-level output voltage 


V|L = MAX 
V|H = 2V 


Iqh = -1mA 


2.4 


3.4 








Iqh = -2.6mA 




2.4 


3.1 




V 


'OZL 


Off-state output current 


Vcc '^^^ 
V|L - MAX 
V|H = 2V 


Vq = 0.4V 




-20 




'OZH 


Vo = 2 TV 


20 


20 


^A 


'os 


Output short-circuit current * 


Vcc = MAX 


-30 






-30 




-130 


m A 




Supply current 


Vcc = MAX 


LS533 




36 


48 




36 


48 


mA 


Outputs open 


LS534 




27 


48, 








N Not more than one output stiouid be shorted at a time and duration of the short-circuit should not exceed one second. 










Switching Characteristics vcc ^ s v, ta = 25°c « ^ 




g«»j^*|<»:V.*.>6k»r.. 






■ .'A - 


SYMBOL 


PARAMETER 


TEST CONDITIONS 
(See Interface Test Load/Waveforms) 


MIN 


LS533 
TYP 


MAX 


MIN 


LS534 
TYP 


MAX 


IIMIT 


'max 


Maximum Clock frequency 








35 


50 




MHz 


'PLH 


Data to Output delay 








17 


25 




ns 


*PHL 


Cl= 45pF 


Rl - 667n 




12 


25 




ns 


'PLH 


Clock/Enable to output delay 




20 


35 




19 


30 


ns 


'PHL 








18 


35 




15 


30 


ns 


•PZL 


Output Enable delay 








25 


36 




21 


30 


ns 


'PZH 








17 


30 




20 


30 


ns 


•PLZ 


Output Disable delay 


Ci_= 5pF 


Rl = 667n 




18 


29 




18 


29 


ns 


'PHZ 




16 


24 




16 


24 


ns 



SN54/74S533 SN54/74S5d4 



Absolute Maximum Ratings 

Su pply Voltage, VcC 7V 

Input Voltage 5.5V 

Off-state output voltage 5.5V 

Storage temperature -65° to +150°C 

Operating Conditions 



SYMBOL 


PARAMETER 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


Vcc 


Supply voltage 


4.5 5 5.5 


4.75 5 5.25 


V 


tw 


Width of Clock/Gate 


High 


15 


15 


ns 


Low 


15 


15 


'su 


Set up time 


S533 


01 


o: 


ns 


8534 


5' 






th 


Hold time • 


S533 


101 


01 


ns 


S534 


51 


5t 






Operating free air temperature 


-55 125 


75 


°C 


Electrical Characteristics Over operating Conditions 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MILITARY 
MIN TYP MAX 


COMMERCIAL 
MIN TYP MAX 


UNIT 


V|L 


Low-level Input voltage 




0.8 


0.8 


V 


V|H 


High-level input voltage 




2 


2 


V 


V|C 


Input clamp voltage 


Vcc ^ I| = -18mA 


-1.2 


-1.2 


V 


hL 


Low-level input current 


Vcc = MAX, V| = 0.5V 


-0.25 


-0.25 


mA 




High-level input current 


Vcc = I^AX, V| = 2.7V 


50 


50 


A-A 


ll 


Maximum Input current 


Vcc " V| = 5.5V 


1 


1 


mA 


Vol 


Low-level output voltage 


Vcc ^ "^^'N. 
V|L = 0.8V, 
V|H = 2V 


Iql = 20mA 


0.5 


0.5 


y 


VOH 


High-level output voltage . _ 


Vcc = '^l'^' 
V||_ = 0.8V, 

V|H = 2V 


Iqh = -2mA 


2.4 3.4 




V 


'OH " -6.5mA 




2.4 3.1 


'OZL 


Off-state output- current 


Vcc = 

V|L = 0.8V, 

V|H = 2V 


Vq = 0.5V 


-50 


-50 


/iA 


'OZH 


Vq = 2.4V 


50 


50 




'os 


Output shorf-cirt^irit current * 


Vcc = MAX 


-40 -100 


-40 -100 


mA 


'cc 


Supply current 


Vcc = MAX. 
Outputs open 


8533 


105 160 


105 160 


mA 


S534 


90 140 


90 140 



*Not more than one output should be shorted at a time and duration ot the short-circuit should not exceed one second. 

Switching Characteristics vcc = s v. ta = 25° c 



SYMBOL 


PARAMETER 


TEST^GONDITIONS 
(Sm InMKiM TtM tM4/W«Mtenn4 


SS33 
MIN TYP 


MAX 


MIN 


S534 
TYP 


MAX 


UNIT 


♦h/lAX 


Maximum Clock frequency 






75 


100 




MHz 


'PLH 


Data to Output delay 




9 


18 




ns 


'PHL 


Cl= ispF zaoa 


5 


16 




ns 


'PLH 


Clock/Enable to output delay 


12 


22 




11 


20 


ns 


'PHL 




7 


20 




8 


18 


ns 


'PZL 


Output Enable delay 




11 


20 




11 


20 


ns 


'PZH 




8 


17 




8 


17 


ns 


'PLZ 


Output DisabiB delay 


Cl = 5|>F Pl = 280n 


8 


16 




7 


16 


ns 


•PHZ ■ 


6 


13 




5 


13 


BS 



Octal Latches, Octal Registers 
With 32mA fMfm^ 

SN74S531 Sii74S532 



Features/Benefits 



Ordering Information 



• 32mA 



OL 



• 3>slate outputs drive bus lines 

• 20-pln SKINNYDIP® saves space , 

• 8 bits matciies byte boundaries 

• Hysteresis improves noise margin 

Low Gunent PNP inputs reduce loading - 

• Ideal for microprocessor interface 

• Pin-compatible witti SN74S373/4 — can be direct 
replacefnent when higti drive capabffltjr Is required 

Description 

In addition to the standard S and LS latches and registers, 
Monolithic Memories provides increased output sink current 
Col) ffOf" standard Schottky Iql of 20 mA toan improved 32 
mA. 

The higher Iq|_ is intended for uppiadirji ^^>6tMns which 
presently satisfy 32 mA requirements w#1 #^^^^66,^396^367, 
368, hex buffers. 



PART 
NUMBER 


PKG 


TEMP 


POLARITY 


TYPE 


POWER 


SN74S531 


N,J 


com 


Non- 
invert 


Latch 


S 


SN74S532 


N,J 


com 


Register 



The latch passes eight (octal) bits of data from the inputs (D) to 
the outputs (Q) when the gate (G) is high. The data is "latched" 
when tile gate (G) goes low. The register loads eight (octal) bits 
of Input data and passesit to t>i)Mlgitp^feWi>6''ri^ 
clock. " — - ^ 

The three-state outputs are active when OE is low, and high- 
impedance when OE is high. Schmitt-trigger buffers at the 
gate/clock inputs improve system noise margin by providing 
typically 400 mV of hysteresis. 

All of the octal devices are packaged In the popular 20-pln 
SKINNYDIP®. 



i^netlon Tables 

531 Octal Latch 



Logic Symbols 



531 Octal Latch 



iq[T HQ 



10 [T Hd 

2D IT 

3q|T 
3D IT 

gwdFo 



D 

I 

Ho 



OE 



2o|vce 

TbJsd 
TtJto 

TJJsD 
]3]5D 



532 Octal Register 



OE 


G 


D 


Q 




OE 


CK 


D 


Q 


L 


H 


H 


H 


y. . 


L 


T 


H 


H 


L 


H 


L 


L 




L 


T 


L 


L 


L 


L 


X 


Qo 




L 


L 


X 


Qo 


H 


X 


X 


z 




H 


X 


X 


z 



532 Octal Register 



.-V .1 - t 



40 

QND 



E 
E 
E 
E 
E 
E 
E 
E 

Qo 



CK 



20]vcc 

ID 
E 
ID 



Mr' 



E 
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SN74S531 SN74S532 



Absolute Maximum Ratings 

Supply Voltage. VcC 

Input Voltage 

Off-state output voltage 

Storage temperature 



TV 

5.5V 

5.5V 

-W to +150*C 



Operating Conditions 



SYMBOL 


PARAMETER 


COMMERCIAL 
MIN TYP MAX 


UNIT 


Vcc 


Supply voltage 


4.75 5 ' 5.25 


V 




Operating free air temperature 


75 


"C 


w 


Width of Clock/Enable 


High 


6 6 


ns 


Low 


7.3 7.3 




Setup time ■ 


8531 


01 01 


ns 


S532 


5t 51 


«h 


Hold time 


S531 


101 101 


ns 


S532 


2t 2t 


Electrical CliaracteristiCS over operating conditions 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


COMMERCIAL 
MIN TYP . MAX 


UNIT 


V|L 


Low-level input voltage 




0.8 


V 




High-level input voltage 




2 


V 


V|C 


Input clamp voltage 


Vcc = WIN, l| = -18mA 


-1.2 


V 


lit 


Low-level input current 


Vcc = MAX, V| = 0.5V 


-0.25 


mA 


>IH 


High-level input current 


Vcc = ^'^'^ V| = 2.7V 


50 


pA 


"I 


Maximum input current 


VqC " V| = 5.5V 


1 


n'l A 


Vol 


Low-level output voltage 


Vcc = MIN, 
V|L = 0.8V, 
V|H = 2V 


'OL " 32mA 


0.5 


V 


VoH 


High-level output voltage 


Vcc = MIN, 
V|L = 0.8V, 
V,H =2V 


Iqj^ = —6.5mA 


2.4 3.1 


V 


'OZL 


Off-state output current 


Vcc = MAX, 
V|L = 0.8V, 
V,H = 2V 


Vq = 0.5V 


-50 


fA 


'OZH 


Vq = 2.4V 


50 


M* 


'OS 


Output short-circuit current * 


Vcc = MAX, 


-40 -100 


mA 


'cc 


Supply current 


Vcc = MAX, 
Outputs open 


S531 


105 160 


mA 


S532 


90 140 


l<Not more than one output should be shorted at a time and duration of the short-circuit should not exceed 0^9 second. 

Switching Cliaracteristics vcc ^ s v, ta = 25° c 


SYMBOL 


PARAMETER 


TEST CONDITIONS 
(See Inlefltee Test Laad/Wamtonm) 


S531 
MIN TYP MAX 


S532 
MIN TYP MAX 


UNIT 


'max 


Maximum Clock frequency 


Cl= 15pF Rl= 28dn 




75 100 


MHz 


tpLH 


Data to Output delay 


5 9 




ns 


'PHL 


9 13 




ns 


'PLH 


Clock/Enable to output delay 


7 14 


8 15 


ns 


'PHL 


12 18 


11 17 


ns 


•PZL 


Output-^a^^le delay 


11 18 


11 18 


ns 


'PZH 


8 15 


8 15 


ns 


tpLZ 


Output Disable delay 


Cl= 5pF Rl = 280n 


8 12 


7 12 


ns 


•PHZ 


6 9 


5 9 


ns 
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Octal Latehes, Octal Regislera - 
With Inverting, 32 mA Outpute 

SN74S535 SN74S536 



Features/ Beii#f its 

' • 'IMMrtlng outputs 

• 32mA Iq|_ 

• 3-state outputs drive bus lines 

20-pin SKINNYDIPe saves space - ^ 

• 8 bits matches byte boundaries ~ - < - - - - 

• Hysteresis improves noise margin 

• Low current PNP inputs reduce ioading 

• Ideai for microprocessor interlace 

• Pin-compatible with SN74S533/4 — can be dllMfT 

replacement when hi-drive capability is lequinecl ,^ i, 

Description • 

In addition to the standard S and LS latches and registers, 
Monolithic Memories provides increased output sink current 
(Iql) from the standard Schotfky Iql o' 20 mA to an improved 
32 mA, also inverting outputs instead of the standard non- 
inverting outputs. 

The higher Iql intended for upgrading ^stei)r|^ ..which 

I FuinMion Tables 

535 Octal i-atch (inverting) 



Ordering Information 



PART 
NUMBER 


PKG 


TEiMP 


POLARITY 


TYPE 


POWER 


Sr474S535 


N,J 


com 


Invert 


Utch 


S 


SN74g536 


N,J 


com 


Register 



presently satisfy 32 mA requirements with SN54/74365, 366, 367, 
368, hex buffers. The inverting outputs are Intended for bus 
applications that requite Inversion as In Interfacing the Am2901 A 
4-Bit Slice to an active low bus. 

The latch passes eight (octal) bits of data from the inputs (D) to 
the outputs (Q) when the gate (G) is high. The data is "latched" 
when the gate (G) goes low. The register loads eight (octal) bits 

of inputitsM.9N. ismsi^meiiefsits&MS^ 

clock. 

The three-state outputs are active when OE is low, and high- 
impedance when OE is high. Schmitt-trigger buffers at the 
gate/clock inputs improve system noise margin by providing 
typically 400 mV of hysteresis. 

All of the octal devices' Sl^nfK^IQE^ in 9\e popular 20-pin 
SKINNYDIP®. 



536 Octal Register (Inverting) 



OE 


G 


D 


Q 


L 


H 


H 


L 


L 


H 


L 


H 


L 


L 


X 


Qo 


H 


X 


X 


z 



OE 


CK 


D 


Q 


L 


T 


H 


L 


L 


T - 




H 


L 


L 


X 


Qo 


H 


X 


X 


z ■ 



Logic Symbols 



I.- 



535 Octal Latch (Inverting) 



4D 
40 
GNO 



E 
E 
E 
iE 
E 
E 
E 
E 



- o 



]8j80 
13]sO J 



536 Octal Register (Inverting) 

E lil^cc 

]sjeQ 



J 60 



E 
E 
E 
E 
E 
E 
E 
ioE 

nd[To 



ck" 

0E_ 
Q 



Tsjio 

12] 50 
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SN74S535 SH74S536 



Absolute Maximum Rating 

Supply Voltage, Vcc 

Input Voltage 

Oft-state output voltage 

Storage temperature 



7V 

5,5V 

5.5V 

-65° to+150°C 



Opiating Conditions 



SYMBOL 


PARAMETER 


MIN 


COMMERCIAL 
TYP 


MAX 


UNIT 


Vcc 


Supply voltage 








4.75 


5 


5.25 


V 


TA 


Operating free air temperature 













75 


°c 




Width of Clock/Enable 


High 


6 


6 




ns 


Low 


7.3 


7.3 






Setup time 


S535 


01 


Ot 




ns 


S536 


51 


5t 






Hold time 


S535 


101 


101 




ns 


S536 


51 


2t 




Electrical Maximum Ratings over operating conditions 


SYMBOL 


PARAMETER 


TEST CONDITIONS 


MIN 


COMMERCIAL 
TYP 


MAX 


UNIT 


V|L 


Low-level input voltage 




0.8 


V 


VlH 


High-level input voltage 




2 


V 


V|C 


Input clamp voltage 


Vcc = 


MIN 


l| = -IBmA 


-1.2 


V 


l|L 


Low-level input current 


Vcc = 


MAX 


V| = CSV 


-0.25 


mA 


1|H 


High-level input current 


Vcc = 


MAX 


V| = 2.7V 


50 


^^ 


l| 


Maximum Input current 


Vcc = 


MAX 


V| = 5.5V 


1 


mA 


Vol 


Low-level output voltage 


Vcc = 

V|L = 
V|H = 


MIN 
0.8V 
2V 


Iql = 32mA 


0.5 


V 


Vqh 


High-level output voltage 


Vcc = 

V|L = 
V|H = 


MAX 

0.8V 
2V 


Iqh - -6.5mA 


2.4 


3.1 




V 


'OZL 


Off-state output current 


Vcc = 

V|L = 

V|H = 


MIN 

0.8V 
2V 


Vq = 0.5V 


-50 


//A 


'OZH 


Vq = 2.4V 


50 






Output ^lort-circult current * 


Vqc 


-40 




-100 


mA 


'cc 


Supply current 


Vcc = 


MAX 


S535 




105 


160 


mA 


Outputs open 


S536 




90 


140 



♦Not more than one output should be shorted at a time and duration of the short-circuit should not exceed one second. 

Switching Charcteristics v^^ =^^,7^ = 25°c 



SYMBOL 


PARAMETER 


TEST CONDITIONS 
(Sm InlwfK* Taat Load/Wamf onnB) 


S535 
MIN TYP 


MAX 


MIN 


S536 
TYP 


MAX 


UNIT 


'max 


Maximum Clock frequency 






75 


100 




MHz 


'PLH 


Data to Output delay 




g 


18 




ns 


'PHL 




5 


16 




ns 


•PLH 


Clock/Enable to output delay 


Cl = 15pF Rl = 280n 


12 


22 




11 


20 


ns 


'PHL 




7 


20 




8 


18 


ns 


•PZL 


Output Enable delay 




11 


20 




11 


20 


ns 


'PZH 




8 


17 




8 


17 


ns 


'PLZ 


Output Disable delay 


Cl = 5pF Rl = 2aon 


8 


16 




7 


16 


ns 


'PHZ 


6 


13 




5 


13 


ns 



Interface Test Load/Waveforms 



FROM OUTPUT 
UNDER TEST 



<r__a-^N^ — osv 




Test Waveforms 



TIMING 
INPUT 



BWTA 

iNPtrr 




SETUP AND HOLD PULSE WIDTH 



IMtUT 



IN-PHASE 



<PLH 



>PHL 



OUT OF PHASE 
OUIMIT 
(SM NM> 6) 



•PHL 



IPLH 



-VOM 

-Vol 

-VOH 
-Vol. 




WAVepORM 1 
(Sm Note D) 



WAVEFORM 2 „ . 

(8m Note D) SI open 82 dosed. 



PROPAGATION DELAY 



ENABLE AND P^KBLE 



NOTES: A. C|_includesprobeandjigcapacitance. 

B. All diodee are 1N0t6 or 11431964^ 

C. For Series SI/74S. Rg = IK. = tJW. 

For Series S4/74LS. Rg =SK,Vf »1^ffl«*pangS«/T4LS310,3i«.341.344. 
ForSeries64mU3<f,;3«,W,a*4Bo =5K,V^ =v^^ = 1.7Vforlo*toWgti inpiattmnsiften, 
For Series S4/74U®10. 340, 3*1 SWRq =5K.Vr =Vf. = 0.9V for high to tewlnputtransition. 

D. Waveform 1 is Mr an «Mi interngi eamMions such liiat the output Is low except when 
disabled by the diMput coiMo). 

Waveform 2 is for an output with InlBinal ecmdWeHs sueh th^ tlM output Is high except when 
disabled by the output control. 

E- In the examples above, the phase relationships between inputs and outputs have been 
chosen arbitrarily. 

F. All input pulses are supplied by generators having the following characteristics: PRR 
<1 MH2,Zq^,| =50!!and' 

For Series 54/74S. tp <2 5ns.tp <2.5ns. 

For Series 54/74LS and PALs. tp < 15ns, tp <6 ns 

G. When measuring propagation delay times of 3-state ou^ts, switches S1 and 82 are closed. 
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Introduction 


1 








^ PROM 




ROM 1 


m 


Character Generators 




1 PAL® 






7 




P HMSI 








Arithmetic Elements and Logic 


10 


Multipliers/Dividers 


11 


■ mmsm 


1 






Leadless 


13 










General Information 




15 




16 
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Laadless Chip (Airier 



Features 

• 20-pin hermetically sealed three layer base with a gold lid 
and gotd-Hn braxad seal 

• JEDEC outline leadless type B 

• 50 MIL center spacing 

• 75 MIL maximum package thickness 

• mimmia Level B 



Uses less space 
Weight reduction 
Reduces system cost 

Programmable Array Logic 



Applications 

• Heavy military demand 

• ii da iii p BUB 

• To l e c o iiii i i u nlcal l on * 

• Computer mainframe 

• Increased hybrid market demand 

• VLSI technologies 

• Data processing systems 



• Reduced lead resistance, capacitance and inductance, 
thereby, enhancing parameter pertonnance 

• improved thermal resistance 



PART NUMBER 



PAL10H8ML883B 
PAL12H6ML883B 
PAL14H4ML883B 
PAL16H2ML883B 
PAL16C1ML883B 
PAL10L8ML883B 
PAL12L6ML883B 
PAL14L4ML883B 
PAL16L2ML883B 
PAL16L8ML883B 
PAL16R8ML883B 
PAL16R6ML883B 
PAL16R4ML»B 



DESCRPlMd 



Octal 10 Input And-Or Gate Array 
Hex 12 Input And-Or Gate Array 
Quad 14 Input And-Or Gate Array 
Dual 16 Input And-Or Gate Array 
16 Input And-Or/ And-Or-lnvert Gate Array 
Octal 10 Input And-Or-lnvert Gate Array 
Hex 12 Input And-Or-lnvert Gate Array 
Quad 14 Input And-Or-lnvert Gate Array 
Dual 16 Input And-Or-lnvert Gate Array 
Octal 16 Input And-Or-lnvert Gate Array 
Octal 16 Input Registered And-Or Gate Array 
Hex 16 Input Registered And-Or Gate Array 
<%Ml 1ft i^Pit iegistetsd And-Or Gate Array 



Octal Interface 


PART NUMBER^ 


FUNCTION 


POLARITY 


POWER 


SN54LS240L883B 


Octal Buffer 


Invert 


LS 


SN54LS241L883B 


Octal Buffer 


Non-Invert 


LS 


SN54LS244L883B 


Octal Buffer 


Non-Invert 


LS 


SN54S240L883B 


Octal Buffer 


Invert 


S 


SN54S241L883B 


Octal Buffer 


Non-Invert 


S 


SN54S244L883B 


Octal Buffer 


Non-Invert 


S 


SN54LS373L8B3B 


Octal Latch 


Non-Invert 


LS 


SN54LS374L883B 


Octal Register 


Non-Invert 


LS 


SN54S373L883B 


Octal Latch 


Non-Invert 


S 


SN54S374L883B 


Octal Register 


Non-Invert 


S 


SN54LS245L883B 


Transceiver 


Non-Invert 


LS 


SN54LS273L883B 


Octal Register with clear 


LS 


SN54LS377L883B 


Octal Register with clock enable 


LS 



13 



Bipolar PROM 



PART NUMBER^ 


ORGANIZATION 


5308- 1 L883B 

5309- 1 L883B 


256x8 DC 
256x8 TS 



NOTES: 

1. 54 = Military Ternptaalure tange ot -55 to +125°C 

2. 5 - Military TMpMg!wr@ iRanse o( -56 to +12S°C 



43-3 
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i ROM 






PAL® 




HAL ^3 






FIFO 










1 Multipliers/Dividers 


11 


k Octal 


12 


E Leadless 


13 


Die 


14 
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14-^ 



Die 



: tinoi bt'i'. ■- " 



Introduction - 

The Monolithic Memories Incorporated "Classic Die" program is 
a quality oriented comprehensive approach desired to serve a 
constantly expanding, quality demanding fiyMt iwM. 



We believe that quality and reliability are the natural results of 
our heavy emphasis in reliability at the design, In-produc^ 
process development and manufacturing stages. 



The total quality concept, enhanced by our "Classic Test" tight 
test die prot>e strategy combine to produce a selected die with 
higher end user yields. We guarantee perfoftnarice to the data 
sheet parameters limits and conditions specified for each fully 
packaged product, to the percent tested under Electrical 
guaranteed. 



Testing 

All die are 100% probed at 25° C to a temperature correlated test 
program. Temperature simulation is accomplished via Vqq 
variation and test limit guardband for DC parameters ahd 
functional to the foHowing temperature ranges: 



• Commercial = 0° to 75° C, i.e. 67401 X 

• MHitaiy = 55-10 +125''C, I.e. 57401X 



Pacicaged Product Electrical 
Guarantees: 

"Classic TesT die probe at ZS'C guarantees the following 
packaged product yields, when tested to ttie electrical para- 
meters and conditions listed in the Monolithic Memories LSI 
Data book. 



• 57401, LTPD 10 excluding assembly defects. 

• 57402, LTPD 10 excluding assembly defects. 

• 57558, LTPD 10 excluding assembly defects. 



AC parameters are guaranteed by design and periodical 
statistical sampling in accordance yiith MiL-M-38510. 



Available Part Types 



PART NUMBER 


DESCRIPTION 


5/67558X 
5/67401 X 
5/67402X 


8x8 Multiplier 
64x4 FIFO 
64x5 FIFO 



Visual Inspection 

• 100% inspection to 2010B 

• Silox Inspection 

• X150 High Magnification 

• Wafer saw compj^tisly through 

• No ink on die 

Physical Characteristics 

• All die are passivated 

• Aluminum metallization 

• May be assembled by indli^ standard die attach, lead bond 
and sealing techniques lor IM Bl-Polar products. 

• 20 mils thick typically (with no gold backing) 

Quality Control: Lot Acceptance 

2010B Visual Inspection 

• .66 AOL for Commercial products lots 

• .4 AQL for Military products lots 

• Non-^ndard AQL's are negotiabl& 

NOTE: The visual criteria Is guaranteed within the periphery of the bond pads 



unless otherwise negotiated^ 



16 



_l. 



Traceability I 

When specifically requested . . . 

• Military to Fab production run 

• Commercial to QA k>t acceptance 

Paclcaglng 

• Waffle pack; sized for the specific product. 

• One mffle pack per plastic bag 

• Vacuum seal with dessicant 

• Moisture indicator 

• As a minimum, each waffle pack is labeled with: 

• Monolithic Memories' part number 

• Data Indicating' lot acceptetnce 



MonollthlG 



1165 East Arqxes Avenue, Sunnyvale, CAjB«M9, Jet (408) 739-;^ TWX: 9t0-339-9229 



m 

14-3 



Die 



Handling 

No additional cleaning is required when handled under the 
specified controlled environments delineated by MIL-STD-882 

Method 2010. 

Other Capabilities - "^"^ 

When required, the following options are available at additional 
cost, contact the factory. 

• SEM, Method 2018 

• Die lot qualification by sample , . .,. 

• Wafer lot qualification 

• Fully documented custom flows 

• Programming ,. 

Ordering information 

• Monolithic Memories part number plus "X" in lieu of package 
letter designation 

• Please submit all applicable source control dravAfings, or 
' docurhferits for' >fevie^»'." ' .. . 

• Specify all non^ndefrd nsquiretnsnts: - 



' I 80, 1 I 80, 1 [ 353^^ 335^_ I !112,| 



Configuration 

tan . 112, 



80, 



92, 410, 



113*. 



224m 



iaOi< 



424m 



A. 

182m 



37S, 



t 
130, 



■ 4X3 

■ 5X4 

■ 6X5 

|7Xs 



^■e 

110 
vcc 

—■11' 



S5B34I 



3 2 1 40 39 
'<2 Xl Xo«M «» 



■ 13Y.| 

■ 14 Y2 

■15 Va 



38 371 ■ BSS 

&| S2 36 S4 
S3.. 



TESTING 
PADS 
(TVP) 



PADS = 100, > 100, 
GND and Vcc P*" = 280, X 100m 
(DIE SIZE 179x162 mils) 



, TESTING 
■ PADS" 



TESTING 
PADS 
(TYP) 



31. 
GND I 



. 2 

SlOl 

2 

S^l^ 

2 

Sl2^ 

2 

Sl3i 



Y5 YeYyYw OE-".- 1= i^^i"- 



I I 

MMI 57S5aB 



17 18 19 20 



-1«1»(f- 



IMm- 



115m 



430m 



|28 



284, 



* 

378, I 



220, 



23tM 



S^M 

^31S, 
376, 
|288m 



-116m 



14-^ 



Die 



Configurations 



356^ , 408.. 348.. 348,. 348,.. 



■17 

SHIFT OUT 



10S7v 



203)1 

X 

100fi 



|vcc 



940ji 



~1~ 
360m 



(PIN 1-NC) 



■ INPUT 



■16 

OUTPUT 
READY 



Oi ©2 O3 



O4 



iMireh reset ^ 



ALL PADS EXCEPT GND AND V(;c ' 
100)1 X lOOfi 
(DIE SIZE 166 X 128 mils) 



I 



SHIFT IN 
13 



Do UMI S7402G 
|4 ■■■■■■■ 



"1 "2 



°3 D4 

■ ■7 me 



1720m 



246m 

X 

100m 



366m 



U— 6D0m- 



-1500m- 



^ ^736m^ 



-ISOfi 



356,. , I 408,1 I ; 348,. , , 348,. , , 348,j 



1057m 



203m 

X 

100/1 

T" 



940m 



4 

360u 



|vcc 



(PIN 1-NC) 



I INPUT 

'ready 



■14 

OUTPUT 
READY 



113 112 



O3 



iiA«f£AftesEr > 



ALL PADS EXCEPT GND AND V^c = 
100m X 100m 
|DIE«IS MS X la mih) 



I 



SHIFT IN 
■ 3 



MMI S7401G 

TEST PADS (TYP) 



Do Di 



Dj D3 
■ ■6 



^231 



230m 



1720,. 

1 



246m 

X 

100m 



366m 



|— 600m-^ 



-1500/1- 



— V| |<— ISO,. 



14MI 



■VI 's-'ifl ("Vilf.; ilk,. 



-06 . W'fi--'.- •. . > , 
-.y»! r _ - 

••■V ; : t,'"** L=!i'';' ; ■ I ■ 



1' 1WftO"t 'rt .■«r-;c»i 

,.1. .",!!'.>, ; ,wrv . 




P HI REL 


2 






romEV 






PAL® 








8 


jpj^P^^^^ FIFO 




Ijjlkrithmetic Elements and Logic 


10 


»" ■ ■ 

Multipliers Dividers 


11 


Octal interface 


12 
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L nip 
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C3ef|eral Information 


IS 



Representjl l l l ^ t 
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Definition of Terms and Waveforms 



Setup Time 

Setup time, tsu 

The time interval between tlie application of a signal tliat is 
maintained at a specified Input terminal and a consecutive ac- 
tive transition at anotfier specified input terminal. 
NOT^S: 1. The setup time is the actual time between two 
events and may be insufficient to accomplish the 
setup. A minimum value is specified that is the 
shortest interval tor which correct operation of the 
logic element is guaranteed. 
2, The setup time may have a negative value in which 
case the minimum limit defines the longest interval 
(between the active transition and the application of 
the other signal) for which correct operation of the 
logic element is guaranteed. ■ 

Voltage 

High-level input voltage, V|h " 

An Input voltage within the more positive (less negative) of the 

two ranges of values used to represent the binary variables. 

NOTE: A minimum is specified that is the least positive value of 
high-level voltage for which operation of the logic ele- 
ment within specification limits Is guaranteed. 

Higli-level output voltage, Vqh 
/ The Ivoltage at an output terminal with input conditions applied 

that according to the product specification will establish a high 

level at the output. 

Input clamp voltage, V|c 

An Input voltage in a region of relatively low differential resis- 
tance that serves to limit the input voltage SWiig, - - ^ 
Low-level input voltage, V||_ 

An input voltage level within the less positive (more negative) of 

the two ranges of values used to represent the binary variables. 

NOTE: A maximum is specified that is the most positive value of 
low-level input voltage for which operation of the logic 
element within specification limits is guaranteed. 

Low-level output voltage, Vql 

. The voltage at an output terminal with input conditions applied 
that 'according to the product specification will establish a low 
leveli at the output. 

Negative-going threshold voltage, Vt 

The voltage level at a transition-operated input that causes op- 
eration of the logic element according to specification as the 
input voltage falls from a level above the positive-going 
threshold voltage, V7'+. 
Positive-going threshold voltage, Vt-h 
The voltage level at a transition-operated input that causes op- 
eration of the logic element according to specification as the 
input voltage rises from a level below the. negativeTgidng 
threshold voltage, Vy-. 



Truth Table Explanations 

H = high level (steady-state) 

L = low level (steady-state) 

t = transition from low to high level 

i = transition from high to low level 

X = irrelevant (any input, including transitions) 

Z = off (high-impedance) state of a 3-state output 

a..h = the level of steady-state inputs at inputs A through 
H respectively 

Qq = level of Q before the indicated ^eady-state input 
conditions were established 

do = complement of Qq or level of Q before the indicated 
steady-state input conditions were established 

Qn = level of Q before the most recent active transitton 
indicated by i or t 



If, in the input columns, a row contains only the symbols H, L, 
and/or X, this means the indicated output is valid whenever the 
input configuration is achieved and regardless of the sequence 
in which it is achieved. The output persists so long as the input 
configuration Is maintained. 

If, in the input columns, a row contains H, L, and/or X together 
with \ and/or i, this means the output is valid whenever the input 
configuration is achieved but the transition(s) must occur follow- 
ing the achievement of the steady-state levels. If the output is 
shown as a level (H, L, Qq, or Qq), it persists so long as the 
steady-state input levels and the levels that terminate indicated 
transitions are maintained. Unless otherwise indicated, input 
transitions in the opposite direction to those shown have no 
effect at the output. 



'OiB^liniH4Mif 1iniiiN««ftfia^v8il*vitfc^iiii « 



Clock Frequency 

Maximum clocl( frequency, fmax 

The highest rate at which the clock input of a bistable circuit can 
be driven through its required sequence while maintaining stable 
transitions of logic level at the output with input conditions es- 
tablished that should cause changes of output logic level In ac- 
cordance with the specification. 



Current 

High-level Input current, I|h 

The current into * an input when a high-level vojtage is applied 
to that input. 

High-level output current, Iqh 

The current into * an output with input conditions applied that 
according to the product specificEffion will 0SMif^|^^w|h 
at the output. 

High-level output current, IcEX 

The high-level leakage current of an cpen collector output.^ 
Low-ievel input current, l||. 

The current into * an input witen a low-l6vel voltage is applied to 
that input. 

Low-level output current, Iql 

The current into * an ou^xit with input ^^idHions applied that 
according to the product specification iij§3sbiHlMr #i£'lei^ at 
the output. 

Off-state (high-impedance-state) output current (of a 
three-state outputX Iqz 

The current into • an output having three-state capability with 
input conditions applied that according to the product specifica- 
tion will establish the high-impedance state at the output. 
Short-circuit output current, Iqs 

The current into * an output when that output is short-circuited to 
ground (or other specified potential) with input conditions 
applied to establish the output logic level farthest from ground 
potential (or other specified potential). 
Supply current, Ice 

The current into * the Vqc supply terrMnal # m Megjat^ 
circuit. 

'Current out eS a terminal is given as a nisgative value. 

• ' . I .^.■■Jl 

HbidTrme' . ": ';-,":v^p^'! 

Hold time, th 

The Interval during which a signal is retained at a specified input 
tenninal after an active transition ocoirs at mB^m specified 
input terminal. 

NOTES: 1. The hold time is the actual time between two 
events and may be insufficient to accomplish the 
interKled result. A minimum value is specified that 
is the shortest interval tor which correct operation 
of the logic element is guaranteed. 
2. The hold time may have a negative value in which 
case the minimum limit defines the longest interval 
(between the release of data and the active transh 
. ,1. tion) for which coriBC* Q{»ratton Qf jfwij^^ic e^ 
' . ment is guaranteed. - -.r -^:- ■ ■ l-y 



Output Enable and Disable Time 

Output enable time (of a three-state output) to high level, 
tPZH (c 'ow level, tpzL) 

The propagation delay time between the specified reference 
points on the input and output voltage waveforms with the 
three-state output changing from a high-impedance (off) state to 
the defined high (or low) level. 

Output enable time (of a three-state output) to high or low 
level, tpzx 

The propagation delay time between the specified reference 
points on the input and output voltage waveforms with the 
three-state output changing from a high-impedance (off) state to 
either of the defined active levels (hig|) or low). 
Output disable time (of a three ■tii^pmgwt)lrom high towl, 
tPHZ (or low level, tpLZ) 

The propagatioii dete^ ttnw betwe^ the specified reference 
points on the Input and output voltage waveforms with the 
three-state output chartging teom ttie defined high (or low) level 
to a highHmpedance (off) State. iSr, 
Output disable time (of a three-state output) from high or 
low level, tpxz 

The propagation delay time between the specified reference 
points on the input and output voltage waveforms with the 
three-state output changing from either of the defined active 
levels (high or low) to a high-impedance (off) state. 

tEA is the output enable access time of memory devices. 
t^R is the output disable (enable recovery) time of memory 
devtoes.'! H H n H .1 
■ a v ■ ■ Jtonil a*6t> m 

- :■ I" jte «t serrH tuc .-J '.h «r* 

Propagation Time 

Propagation delay time, tpo 

The time between the specified reference points on the input 
and output voltage waveforms with the output changing ifnbm 
one defined level (high or low) to the other defined level. 
Propagation delay time, low-to-high-level output, tpLH 
The time between the specified reference points on the input 
and output voltage waveforms with the output changing tom the 
defined low level to the defined, high level. >; 
Propagation delay 1lin&.h|gh4S4M*4MM t^^ 
Tile time between (Mf ^pecifiSd reference points on the Mput 
and output voltage waveforms with the 'output changing frorii the 
defined high level to the defined low level. 

tAA is the address (to output) access time of memory devices. 



Pulse Width 
Pulse width, tw 

The time interval between specified reference points on the 
leading and trailing edges of the pulse waveform. 



Programming Input Formats 

Monolithic Memories can program your ROM or PROM from 
input data in any of several types: truth table, punched cards, 
paper tape or preprogrammed ROM or PROM. However, the 
preferred input data for PROMs is paper tape and for ROMs 
punched cards. 

Truth Table Inputs 

Devilces are programmed at our facility from Monolithic 
Memories truth table forms (available on request). For customers 
desiring to make their own forms, examples are shown below: 

OUTPUTS 



4-Bn- 

OUTMIT 



WG«D 
NUkibeR 

1 



PIN 



10 

O4 
H 
L 



11 

O3 
H 
H 



H 



12 
O2 
H 
L 



13 
O1 
L 
H 



H H 



8-BIT 
OUTPUT 



255 L 

OUTPUTS 

WORD PIN 17 16 15 14 13 11 10 9 
NUMBER O8O7O6OSO4O3O2O1 

HHHLHLHH 

1 LHLHLHLH 



511 L H H H H H M L 

NOTE: A high voltage on the data out lines is signified by an 
"H." ^ low voltage on the data out lines is signified by an "L" 
The word number assumes positive logic on the address pins, 
so for example, woid 1023 = HHHHHHHHHH*. 

Paper Tape Format Inputs 

Truth tables can also be sent Monolithic Memories in an ASCII 
tape in either a 7 or 8 level format. Send information air mail or 
TWX 910-339-9224. The tape reading equipment at Monolithic 
Memories only recognizes ASCII characters S, B, H, L, F and E 



Interprets them respectively as Start, Begin a word, High data, 
IjOw data. Finish a word, and End of tape. All other characters 
such as carriage returns, line feeds, etc. are ignored so that 
comments and spaces may be sent in the data field to improve 
readability. Comments, however, should not use the characters 
S, B, H, L. F, E. Word addresses must begin with zero and count 
sequentially to word 31, 255, 511 or 1023 respectively. 
In order to assist the machine operator In determining where the 
heading information stops and the data field begins, 25 bell 
characters or rubout characters should precede the start of the 
truth table. Any type of 8 level paper tape <mylar, fanfpM, etc.) bi 
acceptable. Channel 1 is the most significant bK aod channel 8 
(parity) is Ignored. Sprocl(et holes are located between channels 
3 and 4. Note that the order of the outputs between cheu'actBts B 
and F is O4, O3, O2, O1, not 0\, O2, O3, O4. 
A typical list of characters and their machine interpretations is 
shown below: 
4«rT OUTPUT 

l-START OF TAPE END OF TAPE-j 

,- BEGIN DATA FIELD 

pDATA FIELD (H - HIGH VOLTAGE, L = LOW) 
|-FIHIS»^pArAFip|tp 

SBH H L HF BHHHHF BHLLHF- BHLLLFE 

O4O3O2O1 

WORDO ^RDI worn) 2 WORD 2S5. 511 

' or 1023 

8-BIT OUTPUT 

r-START OF TAPE END OF TAPE-, 

,- BEGIN DATA FIELD 

DATA FIELD (H = HIGH VOLTAGE, L = LOW) 
FINISHED DATA FIELD 



SBHHHHLLLHHF BHLHLHHLLF BLHLHLHLLF - - e"=- BHHHHLLLLFE 
08 O1 

WOFIDO VW)RD1 WORD 2 WORD 31, 255, 

511 or 1023 



The reqiuired heading information' at the beginning of the tape is as fblkMiK 



CUSTOMER'S NAME AND PHONE. 

CUSTOMER'S TWX NUMBER^ 

PUROHASB'ORDER NUMBER.^^ 



. TRUTH TABLE NUMBER 

. NUMBER OF TRUTH TABLES. 
. TOTAL NUMBER OF R(UTTS_ 



MONOUTHIC MEMORIES' PART NUMBB). 
CUSTOMER SYMBOLIZED PART NUMBER. 



. NU»«ER OF R^RTS OF EACH TRUTH TABLE. 
. 25 BELL OR RUBOUT CHARACTERS 1 



An example is shown below for a 256 x 4 PROM (6300) 

SCOTT ELECTRONICS 408 426-6134 
TWX 911-338-9225 

P0142 SBLLLHF BLLLLF BLHLHF BLHHHF BLLHHF BHHHHF BLLLHF BLHLHF BLLLLF 

6300 BLLLLF BLHLHF BLLHHF BHHHLF BHHLLF BLLHHF BHHLLF BLLHHF BLHLHF 
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PROM/ROM Programming Input Format 



ROM Programming Punclied Card 

ROMs can be programmed using several input methods. These 
are truth table, punched cards In the format shown below, paper 
tape in the same format as cards, and psiper tc^ie in the ASCII 
BHLF format of the equivalent PROM. 

Puneiiad Card or Tape Input 

First card or line (80 columns max.): enter Company Name, Part 
Number, Data, Number of "L's" in Pattern. 
(Free Form Entry: no commas; Paper Tape Format: terminate 
each line with carriage return and linefeed). 



Hexadecimal Format 

In this format the heading required Is identical to the BHLF for- 
mat but the data Is different. Instead of an "S," the hexadecimal 
data begins with the SOH character (control A). The data is then 
represented by the hexadecimal character (0-9 and A-F) which 
represents the output data of address 0, followed by a space. 
Next comes the output data of address 1 followed by a space, 
etc. The character ETX (control C) is used to end the data. 
Carriage return and the line feed may be included to format the 
data when the tape is printed. 



CARD 1 



COMMNY NAME CX 1816—2052 7—12—70 L ^ 796 

2nd Card Or Line thru Last (80 Columns Max.) , 
ENTER WORD ADDRESS OF FIRST DATA FIELD IN COLUMNS 1 THRIi^j 3^ • 
(O10 — O1) in Columns 8 thru 17 
(O10 — 'O1) in Columns 19 thru 28 ■ ,y. a>Mi .>po 
(O10 — O1) in Columns 30 thru 39 
(O10 — O1) in Columns 41 thru 50 
(O10— O1) in Columns 52 thru 61 
(O10— O1) in Columns 63 ttiru 72 



Enter First Data Field 
Enter Second Data Field 
Enter Third Data Field 
Enter Fourth Data Field 
Enter Fifth Data Field 
AMI Sixth Data Field 



CARD 2 - ^'-'^-^ ' 

00000 LHHHHLLHHH LHHHHHHHHH LLLLLLLLLH LLHMHHHHLL HLUHHHHHL LHLLLLLLLL 



J L 



-01 

WORD— I >— ADDRESS OF 

NOTE: Output 1 (O1) is always in cols. 17,26.39,50,61,72 

CARD 3 



00006 LHLLLLLLLL HLHMHHHHHH LHLHHUHHL HLHHHJCLLL LLUHHHLHL HLHHHHHLH 



LAST CARD 



1 



01020 HLLLLLLLL HHLHHHHHU LHLHLHLHLH LLHLHLtiWi 



NOTES: 

1. Leading edge zeroes in tile word number may be eliminated. 
Columns 73 thru 80 are for comments. 

2. Regardless of the number of outputs which a particular ROM 
has, the data for a specific output always goes in a specific 
column. 

Output 1(01) Columns 17, 28, 39, 50, 61, 72 
Output 2(02) Columns 16, 27, 38, 49, 60, 71 
Output 3(03) Columns 15, 26, 37, 48, 59, 70 
Output 4(04) Columns 14, 25, 36,47, 58, 69 



Output 5(05) Columns 13, 24, 35, 46, 57, 68 

Output 6(06) Columns 12, 23, 34, 45, 56, 67 

Output 7 (07) Columns 1 1 , 22, 33, 44, 55, 66 

Output 8(08) Columns 10, 21, 32, 43, 54, 65 

Output 9(09) Columns 9,20,31,42,53,64 

(^^10(10) Columns 8,19,30,41,52,63 

and 1 may replace L and H, but the customer must define 
for MMI whether =^ L or ^ H. 
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Application Notes 



The PALTWX Brochure 



• PAL Training Manual 

• High level language for programmable array logic 

• Medium speed multipliers trim cost, shrink band-width in speech transmission 

• High speed Monolithic multipliers for real-time digital signal processing 

• State-of-the-art in high speed arithmetic integrated circuits . , _ 

• p'ROM card simplifies computer diagnosis 

• Power switch ROMs and PROMs quickly 

• An 8x8 multiplier and 8-bit microprocessor perform 16x16-bit multiplication 

• A dedicated multiplier/divider speeds up multiplication and division for 8-bit microprocessors 

• Real-time processing gains ground with fast digital multiplication 

• Reduce random-logic complexity by using array of fuse-programmable circuits 

• PAL engineering reference card " ' ' '' 

• Understanding FIFOs 

• Programmable Array Logic leads to flexible application of 8-bit wide memories 



• Distributors cost list ' „ , 

• Product Assurance Manual 

• Plastic Reliability Report 

• Reliability Report a. -. .1. - : ~ -f . {-^ • 

• Military Components 




::iH. 



■ Available through the Advertising Department of Monolithic Memories. 



Package Drawings 



D24 Side Brazed Ceramic OiP 
«jA = 65''C/WATr 



(2.03)- 



0.1S-0.7S 
.38-1^ 



.ISO 
3.81 
MIN. 



TTAW\3- 



n ■ 



_1.290 MAX._ 
32.77 UAX 



mmm 

.100 .014-.023 
2.54 .3S-.58 
BSC 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS IIIN.-MAX. IN MILLIMETERS. 




TD24 Side Brazed Ceramic DIP 
-#JA=«°C/WATT - 




.090-110 
2.29-2.79 



UNLESS OTHERWISE SPECIFIED: > 
ALL mMEN$l9ttS WtMalMkiktCIMWa^ >V^<)tu<>^ : 

ALL omEN^omiimigtimmmmmmms^ 
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' OV W VVMI I 



25°C/WATT 



.510-.620 
12.95-15.75 



M|UL 



2J»6 MAX. 



.005 
- .13 
MIN. 



.020-.060 




F16 Flat Pack (Eutectic Seal) 



9jC 



75°C/WATT 
35°C/WATT 




.01S-JM0 



UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS. 



Package Drawings 



F18 Flat Pack (EutecHc Seal) 



9jA =? WCmATT 




UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-UAX IN MILLIMETERS. 



F20 Flat Pack (Eutectle Seal) 







= 75°CAVATT 




UNLESS OTHERWISE SPECIFIED: 



Package Drawings 



F24 Flat Pack (EulecUc Seal) 



*JA = 75°C/WATT 
«jC=35°C/WATr 




JMS-JXW 
.OS-AS 



.010-.040 

.2s-i.(a 



UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 

ALL DiHENsmtm muk-mMi. m nuLLmerefis 



F4-24 Flat Pack (Euleclic Seal) 



fljA =7S°C/WATT 
*JC r 35''C/WATT 




M-.IS 



UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIOMS mHi4»AX. IH «H.i./MFTERS > 



n2 Rat Pack (EutMHc Seal) -m. 

ejA=65»C/WATT 




.007-i)10 



.1 D n r 



UNLESS OTHERWISE SPECIFIED: 

ALL DIMENStONS MIN.-MAX. IN INCHe& 

ALL OIMEMSIONS miN.-MAX. IN mLUmETEttS 



1«H K 
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I 



J16 Cetwnic DIP 



9jC 



75»C/WATT 
35°C/WATT 



.080 

^2,03; - 



JI15-.060 
.38-f.S2 



n n n n n n n n 



UUULiUUUU 



MAX, 



.220-.310 
5.54-7.(7 



.000 
- .00 
MIN. 



.ISO 

3.a> 

MIN. 




.100 
2.54 



.200 
5.08 
MAX. 

.12$-.200 



.390-.330 



.014-.023 



.030-.070 
.78-f.n 



UNLESS OTHERWISE SPECIFIED: 
ALL Di|K|MION« MIN-MM. IN INCWS. 
ALL liUmmOMS WML-MaM Mr MlCtlMETEAS. 



J1S Csramlc DIP 
9jA = TSOC/WATT 



35°C/WATT 



.098 
2.49 



.01S-.060 
.38-».52 





n n n n n n 




10 






9 




u u u 


u u u u-u u 












.960 MAX. ^ 
S43S MAJf. 


1 



.000 

.00 



150 



.200 
5.08 
MAX. 

.125-.200 
3.18-5.08 



.290- 320 
7.37-813 



.100 
254 
BSC 



Jn4-J)23 
.3S-.5> 



.030-.070 
.76-1.78 



-O-'IS' 



008-.01S 
.20-M 



UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-UAX. IN MILLIMETEHS. 



J20 Ceramic DIP 



RpekagA Dnniv ings 



fljA = rs-c/WATT 
fljC = aS-'C/WATT 



.080 
2.03 
MAX. 



J)15-i)60 



nnnnnnnnnn 



uuuuuuuuuu 



1.060 MAX. 



1 .220-.310 
5.59-7.S7 



.005 



.290-.320 



.150 
3. 

MAX. 



JlrhmfiTili 



.106 

2.54 
BSC 



.200 
5.08 
MAX. 



.125-.200 
3.M-S.1M 



.014-.023 

3S-.5S 



.030-.070 
.78-».7S 



UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 

ALL DIMENSIONS miN.-iiAii. IN mmuimreKS! ■ 



J24 Ceramic DIP 



ejA = 65°CAVATT 
SjC = MOC/WATT 



i-ii-innnnnnnnnn 

24 13 



LJUUUUUUUUUUU 



.soo-.6ia 

12.70-1SM 




ZS* M-M .78-1 

BSC 

UNLESS OTHERWISE SPECIFIED: 
AU DIMENSIONS MIN.-MAX. IN INCHES. 
ALL OimCNSIONS M/N.-MAX. IN miLUmETERS 



t. y > > 

r.Uti. 



tS-i3 



Package Drwiibiil^ 



J24S Ceramic SKIMIYDiP™ 
e I A =75°C/WATT 



35°C/WATT 



.080 
2.03 - 
MAX. 



24 


13 






12 




uuuuuuuuu 


u u u 






-A 


i 


1JHMMC. 




h 







.12S-.200 
3.1H 5.08 



.100 
BSC 



.014-.023 
.3S-.SS 




I 5.08 
J-l I MAX. 



125-.200 



.030-.070 

.7e-».w 



UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES: . 

ALL oimeNSiOMS MiN.-mAX.-m mmmmrmis- 



.290-.32a 
7.37-8. 



IMS°_,^|-.- 



ixn-jois 



J40 Ceramic DIP 
*JA = 60°C/WATT 
fljC =|25°C/WATT 

nnnnnnnnnnnni-in nnnr-inn 



.510-.620 
12.95-1S.TS 



.098 
2.49 - 
MAX. 



UUUUUUUUUUUUUULIUUUIJU 



2JM0 mml 

53109 MAX. 



-A 



.005 
- .»3 
MIN. 



.020-060 
, .S»-».52 



.1*5-.2I)0 
3:M-&09 



.100 
2.54 
BSC 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 



.014-.023 
.3S-.5a 




Package Drawiiis* 



L16 MmUbw Chip Carrier 

*JC*3S°CAVATT 




UNLESS OTHERWtSE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
PLANE 1 IS THE PRIMARY HEAT RADIATING SURFACE 



L20 Leadless Chip Carrier c 
9 jA - 63°C/WATr 

Sjc -as-c/WATT 




TOP VIEW BOTTOM VIEW 



UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DMBISIONS MIN.-mAX. IN miLLIMETERS 
PLANE 1 IS THE PRIMARY MEAT RADIATING SURFACE 



^JA -63°C/WATT 



e 



JC 



35°C/WATT 





TOP VIEW 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETEHS 
PLANE 1 IS THE PRIMARY HEAT RADIATING SURFACE 



BOTTOM VIEW 



L28 Leadless Chip Carrier 




PLANE 1 




T 

.040 X 45° 
t.02 X 45° 



TOP VIEW 



BOTTOM VIEW 



UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS 
PLANE 1 IS THE PRIMARY HEAT RADIATING SURFACE 
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Paelmge Qf«iiviitgs 



N16 Plastic Kool DIP" 
flj^ = 75°C/WATT 



.100 
2.54 
MAX. 



r\AAAAAA^ 



O 



fc-.^ . . -IT 



s.o»-r'97 



.000 
- .00 
MIN. 




UK} i Mi)! -jIMI' 



.090-.110 J)SS-MS 
2.29-2.79 .4f*3T 1.4I)->.C5 

UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MfN.-MAX. IN MILLIMETERS. 



.008-.012 
.20-.31 



N18 Plastic Kool DIP" N20 Plastic Kool DIP" 

fljA = 75°C/WATT 
ejeR3»»l©"WATT 



o 



ol 



W W V V V vv 



.240-.290 
fi.09-7.37 




.090-.110 
2.29-2.79 



UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS. 



Package Drawings 



fljc 



N20 f lasUc Kool DIP 



TS-CAWATT 
35°C/WATT 



.100 
MAX. 



.010-.065 
.25-1. 6S 



A A A A A'A A A A A 



O 



Ol 



vvvvvvvvvv 



1.000-1.075 
15.40-27.31 



.2m-jao . 



.000 
- M 
MIN. 



.120-.24S 
3.0S-e.22 




.090-.110 
2J9-2.7S 




.200 
5.08 
MAX. 

".110-.180 
2.79-4.57 



_.280-.320 
7.11-8.13 



L_J 



.016-.020 
.«»-.S» 



.055-^65 
r.40'f.65 



)08-.012 
.20:31 



UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL DIMENSIONS MIN-MAX. IN MILLimETERS. 



N24 Plastic Kool DIP" 



9jC 



6S''C/WATT 
30°C/WATT 



AAA AA A A A A A A A 

24 13 




wwwwww 




UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
ALL OIIHENSIONS MIN-HAX. IN miLLIMETBtS. 
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Package Drawings 



N24S Plastic Kool SKINNYDIP™ 

=75°C/WATT 
fljC =35°C/WATT 



A AAA AAA A A AAA 



o 



.100 
2.S4 

MAX. 



vvvvv 



.240-.290 
S.09-737 



-M 

Mm. 




KIIO 
2^2.79 



UNLESS OTHERWISE SPECIFIED: 

ALL DIMENSIONS MIN.-MAX. IN INCHES. 

ALL DIMENSIONS MIN.-MAX. IN MILLIMETERS. 



N40 Plastic Kool DIP" 
SjA = es-CAVATT 
fljC = 30°C/WATT 



.100 
2.S4 - 
MAX. 



A A A AA 



A A A A A A A A A A A A A 




2JI30-2.090 
~Sl.5e-S3.09~ 



.000 
- .00 
MIN. 



.010-.06S 
.25-1.65 



.120-.245 
S.as-«122 



.OOO-.IIO 
2.29-2L7S 



.016-.020 
.41:51 



UNLESS OTHERWISE SPECIFIED: 
ALL DIMENSIONS MIN.-MAX. IN INCHES. 
AU DIMENSIONS MIN.-MAX. IN MILLIMETERS. 



.oss-.o«s 

f.40-f.«5 




JOO 
5.08 
MAX. 

110-170 
2.79-4.32 
MIN. 



.580-.62a 
■ 14.73-1S.75' 



i 



110-.170 
2.79-4.32 



r 

-AW 

.008-.012 
.20:30 
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